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Abstract 
Phytophthora root and stem rot (PRR), caused by the oomycete Phytophthora 
sojae, is an economically important soybean disease in the North Central Region of the 
United States, including Iowa. Management of PRR includes the use of specific 
resistance (Rps genes), partial resistance, and seed treatment fungicides. We had three 
objectives specific to PRR in Iowa; i) to determine the within field population diversity of 
P. sojae in fields with a history of PRR, ii) to screen 32 PI lines identified with unique 
resistance to P. sojae with isolates from Iowa and determine their value for future 
breeding efforts and iii) to determine if seed treatment fungicides in combination with 
partial resistant cultivars of soybean would be a useful management tool against PRR.  
Previous surveys in Iowa recovered 12 races of the pathogen between 1966 and 
2004. These surveys collected a single isolate from each site. We proposed multiple races 
could be identified from a single site, based on evidence from Ohio, Arkansas and 
Australia surveys. Three fields in Iowa with a history of PRR were extensively sampled. 
Soil samples were baited using leaf disc and seedling baiting methods. A total of 36 
isolates of P. sojae were collected. Of those, 32 were identified to race or pathotype. We 
found multiple races and pathotypes in two fields sampled. Eleven races and 13 
pathotypes are reported new to Iowa.  
Rps genes generally are defeated by P. sojae populations between 8 and 15 years 
after deployment. Due to the pathogen’s ability to defeat Rps genes, new sources of 
resistance need to be discovered and incorporated into commercial soybean lines. As part 
of a collaborative study with the North Central Soybean Research program, we screened 
32 previously identified plant introduction (PI) lines against isolates of P. sojae collected 
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in Iowa to identify potential resistance beneficial to Iowa soybean growers. We screened 
the PIs in four fields as well as in the greenhouse using four layer tests with multiple 
combinations of isolates. We found six PI lines (PI 398693, PI 399079, PI 408029, PI 
424487B, PI 567374, and PI 407974B) with possible new sources of resistance to be 
incorporated into Iowa soybeans.  
Partial resistance does not become active until the VC growth stage of the 
soybean, causing the seed and seedling to be susceptible to disease at planting and early 
stages of growth. Application of fungicide seed treatments, including the active 
ingredients metalaxyl and mefenoxam, are suggested in areas of strong disease pressure 
and favorable environmental conditions for disease development. We evaluated the use of 
fungicide seed treatments in combination with partial resistance as a potential effective 
management tool, as part of a collaborative study of the North Central Soybean Research 
Program. Three fields with a history of PRR were identified and field trials were 
conducted over two years in a split plot design, with the main plot including cultivar of 
soybean (2 susceptible; Sloan and Williams, 2 reportedly partial resistant; Stine 2402 and 
S27-T7, and 2 with Rps genes; Archer with Rps1k and 6 and 2834RR with Rps1k). The 
subplot included three seed treatments; a control untreated, Apron XL® and Apron XL® 
plus Apron Maxx®. Evaluations included initial stand counts, disease incidence taken 
twice in the growing season, final stand counts and yields. Disease pressure was low due 
to unfavorable environmental conditions for P. sojae development. As results of these 
conditions, we are unable to make any conclusions to the effectiveness of using fungicide 
seed treatments in combination with partial resistance as an effective management tool. 
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Chapter 1: Introduction and literature review of Phytophthora sojae  
Introduction 
 Phytophthora root and stem rot (PRR) of soybean, Glycine max (L.) Merrill, is 
caused by the oomycete, Phytophthora sojae Kaufmann & Gerdemann (26). The disease 
is the second most important disease of soybean in the United States after soybean cyst 
nematode (24, 41). Phytophthora sojae causes disease in every soybean growing state in 
the United States as well as Canada, China, Argentina, Australia, Hungary, Russia and 
Italy (29, 40). The disease was first described in 1948 in Indiana, followed by 
identification in Ohio and North Carolina in the early 1950’s (11, 19). PRR was first 
identified in Iowa in 1966 (35). In 1998, PRR caused 1113.6 x 103 metric tons of yield 
loss in the north central region of the United States (41). In Iowa, PRR of soybean is a 
destructive seedling disease present in over 63% of the soybean fields (30, 49). During 
1998 - 2002, the estimated annual loss in Iowa averaged 92,480 metric tons of soybeans 
with an approximate value of $6 million (41). Greater yield losses can occur during years 
with favorable environmental conditions for disease development. 
Phylum Oomycota: the Oomycetes 
 Phytophthora sojae is a water mold in the phylum Oomycota. Molecular 
phylogenetic analysis has shown that the oomycetes are more closely related to the 
diatoms, brown and golden brown alga in the kingdom Chromista (Stremenophila) than 
to the true fungi kingdom Eumycota (1, 25). Oomycetes have diploid nuclei in their 
hyphae and the only haploid state occurs in the gametes (1, 3, 25). Hyphal cell walls 
contain cellulose-like glucans instead of chitin (1, 3, 25). The hyphae are aseptate (1). 
Oomycetes produce zoospores with heterokont flagella that point in opposite directions 
2 
 
of the spore, one tinsel flagellum pointing forward and one whiplash flagellum pointing 
to the rear (3, 25). Oogamous sexual reproduction occurs in the oomycetes. Fertilization 
between distinct oogonia and antheridia results in the formation of a thick walled oospore 
(1, 3, 25).  
There are five orders in the phylum Oomycota but only two are economically 
significant, Saprolegniales (water molds) and Peronosporales, which include many plant 
pathogens such as Pythium spp., Phytophthora spp., Peronospora spp. (downy mildews) 
and Albugo spp. (white rusts) (3, 25).  
Phytophthora versus Pythium  
Phytophthora and Pythium belong to the family Pythiaceae. Both genera are 
closely related and often times it is difficult to distinguish between the two. Both have 
coenocytic mycelium, produce zoosporangia and produce a single oospore per oogonium 
(12). The major difference between Phytophthora and Pythium is zoospore formation in 
relation to the sporangium. In Phytophthora, the zoospores form within the sporangium, 
while in Pythium, zoospores form after the protoplast leaves the sporangium and enters 
the vesicle (12). Sporangia are always terminal in Phytophthora and tend to be either 
ovoid or obpyriform in shape. In Pythium, sporangia may be terminal or intercalary and 
tend to be globose, lobulate or filamentous in shape (12). Phytophthora antheridia may be 
amphigynous or paragynous and attached to the base of the oogonium. The antheridia in 
Pythium is always paragynous attaching anywhere on the oogonia (12). Oogonia walls 
are pigmented in Phytophthora and colorless in Pythium (12). Hyphal swelling is rare in 
Pythium but not so in Phytophthora (12). One last important difference is that the growth 
of many Pythium species is inhibited in hymexazol (3-hydroxy-5-methylisoxazole) 
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amended media. That is not the case of some Phytophthora species, including P. sojae 
(12).  
Phytophthora sojae: classification and biology  
Phytophthora root and stem rot of soybean was recognized as a disease in 1948 
and 1951 in Indiana and Ohio, respectively (17, 49), however the actual causal agent was 
not described until 1957. Herr (19) first named the oomycete in 1957 as Phytophthora 
cactorum. In 1958, Kaufmann and Gerdemann (24) described the pathogen as 
Phytophthora sojae. The following year, Hildebrande (21) disagreed with the 
classification of P. sojae basing a new name on size of oogonia calling the oomycete P. 
megasperma var. sojae. Over the next 29 years the name did not change, but description 
of P. megasperma var. sojae changed and included all isolates whose oogonia were 
smaller than 45 µm in diameter. In 1980, Kuan and Erwin (26) changed the name to P. 
megasperma f. sp. glycinea to differentiate isolates only collected from soybeans. DNA-
RFLP sequence analysis resulted in a further name change P. sojae f. sp. glycinea for 
isolates from soybean and P. sojae f.sp. medicaginis for isolates from alfalfa (13)  Finally 
in 1991, Hansen and Maxwell (18) changed the name back to agree with Kaufmann and 
Gerdemann’s original description of P. sojae. They also changed P. sojae f. sp. 
medicaginis to P. medicaginis to describe the alfalfa pathogen (18). 
Phytophthora sojae is primarily homothallic, that is, two different mating types 
are not needed to produce oospores (12, 25). The oogonia of P. sojae are spherical in 
shape and average between 31 µm and 36 µm in diameter (12). The antheridia tend to be 
paragynous but may be amphigynous (12). Chlamydospores rarely form. Optimum 
growth has been reported to occur between 25° and 28° C (12). Sporangia vary 
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considerably in size, the average dimensions being 58 by 38 µm (12). An important 
characteristic of P. sojae is that it does not grow on potato-dextrose agar (12) although 
mycelial growth on V8 agar appears white and fluffy (30).  
Over 55 races and many pathotypes have been identified in P. sojae (4, 9, 17, 27). 
Pathotypes are first described by the virulence formulae an isolate is given, based on the 
reactions to a standard set of differentials (Table 1.1) when inoculated (10). A race 
number is given to a pathotype of P. sojae with a previously described virulence formula. 
Pathotypes are commonly described as an isolate which has a reaction combination with 
the differentials not expressed as a race (11). Races or pathotypes of P. sojae are 
determined by testing each isolate against a set of standard differentials (10, 11, 13, 27). 
Each differential is a soybean line or cultivar with a known gene for resistance to P. sojae 
(Rps gene) (10, 27). Inoculating the differentials with individual isolates of P. sojae 
results in a set of reactions (compatible or incompatible) from which identified race 
numbers or pathotypes can be determined (27). Originally, 8 standard differentials were 
used to identify races, including cultivars with the genes Rps1a, Rps1b, Rps1c, Rps1d, 
Rps1k, Rps3a, Rps6 and Rps7 (17). Races 46 through 55 can be identified using 5 
additional differentials, Rps2, Rps3b, Rps3c, Rps4, and Rps5. With use of the 13 
differentials, there is a possibility of 8192 races of P. sojae (17), leading researchers to 
describe pathotypes rather than continue describing races (11). A fourteenth differential, 
including the gene Rps8 has been described recently (5). 
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Table 1.1. Differentials used to determine race (pathotype) of Phytophthora sojae isolates  
Rps 
Gene Variety 
Rps 
Gene Variety 
Rps1a Parker Rps3c L92-7857 
Rps1b L77-1863 Rps4 L85-2352 
Rps1c Williams79 Rps5 L85-3059 
Rps1d PI 103091 Rps6 L89-1581 
Rps1k Williams82 Rps7 Harosoy 
Rps2 L76-1988 Rps8 PI 399073 
Rps3a L83-570 --- Sloan 
 
   Since the first race identification in 1965 (9, 17), the number of races in the north 
central region of the United States and Canada have increased dramatically. In Ontario, 
Canada, four races were identified in 1973, by 1989, 10 races had been identified (2). 
States in the north central region of the United States have experienced a similar increase 
in diversity. The number of P. sojae races in Minnesota increased from five in 1986 to 18 
in 2001 (27). Indiana had identified one race in 1975. In 1997, a further 23 were 
identified (27). Ohio has the most diverse P. sojae population: 48 races in 1990 and 55 
races in 1998 (27). In Iowa, the disease was first identified in 1966, which resulted in the 
first survey to determine races (35). At the time only one race of P. sojae, race 1, was 
identified (35). During 1992-1994, a second survey was conducted and eight races of P. 
sojae were identified (44). Races 1, 2, 3, 4, 8, 13, 15, and 25 (44), along with one new 
pathotype later identified as race 40 (45), were collected from soils and diseased plant 
tissues. The most prevalent race in soil samples was race 3, while race 1 was mostly 
isolated from diseased plants (43, 44). A third survey conducted from 2002 to 2004 (30) 
identified, in addition to the eight races previously observed, four new races, races 18, 20, 
28, and 35 which were isolated from both plant tissues and soil samples. Races 28 and 25 
were the most prevalent collected from plant samples, comprising 15.8% of the isolates 
each (30). Race 1 and race 3 were the most prevalent isolated from the soil samples and 
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represented 17.6% of the isolates (30). A major concern that arose out of the two surveys 
was the increase in the prevalence of isolates with the ability to defeat the Rps1k gene 
(30), the major source of resistance deployed in soybean varieties since 1981 (30). In the 
early 1990s survey, only one isolate (5% of the isolates) recovered belonged to race 25 
(44) compared with 24 (45% of the isolates) of the isolates in the third survey (30). The 
surveys were conducted by isolating from only one soil sample from each site.  
 There are a few hypotheses as to why the P. sojae population is diversifying. One 
thought is that the overuse of cultivars with a specific Rps gene causes selection for a 
resistant race (27, 30). Another school of thought considers outcrossing between different 
races as one cause of diversification (15, 22, 27, 30). Naturally occurring mutations 
within the oomycete is a third possibility for the in change in race populations of P. sojae 
(22, 30). And finally, Jackson, et al. (22) also suggest convergent evolution (similar 
population changes in separate geographical areas) as an explanation for population 
shifts.  
Phytophthora Root and Stem Rot disease cycle 
Soybean plants can be infected by P. sojae at any plant stage from seedling to 
maturity (12, 17), and symptoms occur above and below ground. Above ground 
symptoms include post-emergence damping-off of seedlings. On older plants, 
characteristic symptoms include wilting and interveinal and marginal chlorosis of the 
leaves, stunted growth and eventual death of the plant (12, 17). An important diagnostic 
feature on soybean plants is a brown, girdling lesion on the stem from soil line up to 10 
nodes above soil. Below the soil line, pre-emergent damping-off of seedlings can occur, 
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and also rotting of the lateral and branching roots, which expands to the taproot. Internal 
root tissues also become discolored (12).  
Phytophthora root and stem rot is a monocyclic disease in soybeans (28) (Fig.1.1). 
The primary inoculum comes from oospores present in infected root and stem tissue 
residues or dormant in soil (17). Oospores can lay dormant in the soil for at least four 
years (28). Oospores germinate when flooding and warm soil temperatures occur, 
producing mycelia (1, 12, 17) and, depending on environmental conditions, more 
oospores or sporangia are produced (1). The organism is favored by warm (25-30° C), 
flooded soil conditions. The sporangium protoplast develops into zoospores that are 
released approximately four days after germination (1, 44). Zoospores require standing 
water in the soil to swim towards a soybean root to which they are attracted by 
isoflavones released by the imbibing seed and root tissues (29). Isoflavones released from 
soybeans are daidzein and genistein (6, 29, 48), and are important in nodule formation 
and attracting the bacterium, Bradyrhizobium japonicum (29). Once contact to a root has 
been made, the zoospore encysts and adheres to a solid surface, loosing its flagella and 
creating a cell wall (1, 48). The encysted zoospore can then either produce a germ tube to 
infect the soybean plant, or it will form another sporangium producing more zoospores 
(1). Secondary infection is not thought to be a significant part of the disease cycle 
because the number of oospores in the soil is so high that germination occurring 
throughout the season causes disease (17). Zoospore germination is dependent on the 
amount of calcium ions near the encysted spore (6, 48). Once inside the plant, 
colonization occurs with mycelia growing intracellularly (1, 17). The mycelia  
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Figure 1.1. Life cycle of Phytophthora sojae. 
 
form oogonia and antheridia which combine forming an oospore which undergoes a 
dormancy period that may last 4 years or longer, before germinating when conditions are 
favorable (1). The environment plays a crucial role in the disease cycle. P. sojae favors 
warm soil temperatures above 21° C. A flooding rain will increase the probability of 
oospores germinating. Another heavy rain must occur approximately 4 days after 
germination to allow zoospore movement to soybean roots (43).  
Managing Phytophthora Root and Stem Rot  
PRR management is complex and control of the disease requires an integrated 
approach. The most effective and economical practice to manage P. sojae in soybeans is 
genetic resistance. There are two main types of resistance to P. sojae: single gene 
resistance and partial resistance (4, 16, 49). Use of resistant cultivars is the most effective 
and economic management tool for PRR. Resistance provided by Rps genes is based on a 
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gene-for-gene system as defined by H.H. Flor, in 1942 (14). Disease symptoms occur 
when a virulence type of P. sojae infects a soybean variety which contains the 
corresponding Rps recessive gene, resulting in an incompatible reaction and in disease 
occurrence (1, 37). Inheritance of resistance to different pathotypes is then race-specific 
and determined mostly by single major genes with dominant gene action (37, 49). To 
date, 14 Rps genes at eight loci have been identified in P. sojae (5, 33). More recently, 
molecular information has provided indications that some of the genes may be located 
very close to each other or even may be forming clusters at the molecular level. It has 
been shown using SSR molecular markers that the Rps1k gene is actually two closely 
linked, functional genes (34). 
For cultivar development, the most commonly deployed Rps genes in the north 
central region of the United States are Rps1c, 1k, 3a and 6 (7). In Iowa, the most 
commonly deployed gene is Rps1k, followed by Rps1c (36, 42, 46). However, concerns 
about the race changing picture observed in the three surveys conducted in Iowa, and 
concerns about the narrow genetic base for resistance to the disease, have prompted 
breeders to release lines with different genes, and to look for new genes that may broaden 
the genetic base of resistance. Examples of these changes are the use of Rps6 gene which 
confers resistance to the emerging race 25 found in Iowa, and the new gene recently 
identified by the Ohio group Rps8 (5) already in use by some breeding programs 
(Cianzio, unpublished). There is however, another great concern about the use of race-
specific genes; race and pathotype shifts in Phytophthora species are common (9, 22, 30, 
32).  
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Partial resistance in soybeans does provide some protection against all races of P. 
sojae (7, 9, 37). Partial resistance, also called tolerance, field tolerance and rate-reducing 
resistance, (9, 37, 49) refers to the plants’ ability to be attacked by a pathogen and survive 
without debilitating symptoms and dramatically reduced yield (16, 49). In soybean lines 
with partial resistance, the pathogen can infect and colonize the root system (37). Thus 
partial resistance ensures a single race is not selected for or against, consequently genes 
in tolerant soybean lines last longer than lines with Rps genes (4, 37). The number of 
genes responsible for partial resistance to P. sojae is probably high and they have yet to 
be identified, making it difficult to breed new lines (4). Partial resistance only becomes 
effective when first true leaves emerge (VC stage), thus germinating seedlings may be 
susceptible to disease (8). 
Soybean breeders are constantly looking for new sources of resistance against P. 
sojae to incorporate into cultivars. Traditionally, resistance to P. sojae has been identified 
by screening soybean accessions, or plant introductions (PI) for resistance. This is usually 
done using PIs that have not yet been researched for resistance and inoculating the plants 
with a variety of races and pathotypes to see the type of reactions that occur (7, 20). Most 
PIs originate from China, Japan and Korea along with others from Asian and European 
countries (7, 20). Screening lines takes time and energy (7) and results are somewhat 
subjective since the researcher determines what is susceptible, resistant or partially 
resistant. The advent of molecular technology has enabled researchers to look for genetic 
markers from known resistance genes in PIs with unknown resistance (4, 20). Burnham, 
et al. (4) used quantitative trait loci (QTL) of known Rps genes to look for partial 
resistance in unknown PIs. They found some QTLs in unique locations but know there 
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may be more QTLs that were not identified (4). Hegstad, et al. (20) used molecular 
markers along with restriction fragment length polymorphism (RFLP) to look for 
resistance genes in PIs and found Rps alleles may be present when markers show a 
polymorphic band. They confirmed their results by inoculating standard soybean 
differentials to ensure there was agreement between the Rps alleles thought to be present 
and Rps alleles present with the differentials (20).  
Systemic fungicides are important for managing Phytophthora diseases. The only 
fungicide active ingredients to control P. sojae are metalaxyl or its isomer, mefenoxam 
(23). Metalaxyl was introduced in 1977, and since then has been used extensively to 
control oomycetes. The compound selectively inhibits ribosomal RNA synthesis in the 
oomycetes (31). Metalaxyl can be used as a seed treatment or applied in-furrow (8, 47). 
Dorrance and McClure (8) found that when applied in-furrow, metalaxyl provides 
protection for a longer period of time than seed treatments. Conversely, Xiao et. al. (47) 
found that in-furrow applications are not as cost effective as seed treatments.  
 Not surprisingly, there are many reports of oomycetes developing resistance to 
metalaxyl (31). Malvick and Grunden (27) tested 63 isolates of P. sojae from Illinois to 
metalaxyl and mefenoxam and found no evidence of resistance. The fungicides have been 
used as a soil drench, seed treatment and spray to control plant diseases caused by 
oomycetes in many crops. Field evaluations of seed treatment fungicides are often 
difficult since soil-borne diseases are patchy in occurrence, and highly dependent on 
environmental conditions (8). One field study has been done to determine the efficacy of 
metalaxyl at reducing losses to PRR in soybean cultivars differing in types of resistance 
(2). In-furrow applications of metalaxyl successfully reduced soybean plant losses due to 
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infection by P. sojae in susceptible soybean cultivars and resulted in a corresponding 
increase in yield. However, no effect on plant stand of partially resistant cultivars was 
detected. Still, a greenhouse study demonstrated that a seed treatment fungicide could be 
beneficial on partially resistant cultivars when conditions at planting are favorable for P. 
sojae infection and disease development, since seedlings would be protected until partial 
resistance is expressed (8). Metalaxyl, and its isomer mefenoxam, are active as a seed 
treatment for approximately 14 to 21 days after planting.  
As with any oomycete, severity of Phytophthora root and stem rot increases in 
wet environmental conditions and in fine course soils with high clay content (38). 
Saturated soil allows zoospores to form and actively seek soybean roots (7, 9). Thus, 
growers should avoid planting soybeans in areas with poor drainage. Alternatively, 
drainage can be improved to avoid standing water in fields after heavy rains or irrigation 
(23, 27, 28). Reduced tillage or conservational tillage also should be avoided when P. 
sojae is a problem (38, 39). Tillage stirs the soil pushing the plant residue deeper to 
where it can be more quickly decomposed and thereby reduce oospore survival (38). 
Tillage can also improve drainage of the field, and thus reducing PRR (17). Rotation is a 
helpful tool to reduce PRR by keeping lower oospore numbers in soils (17). Growers can 
also reduce the risk of Phytophthora infection by planting soybeans early in the spring, 
when soil temperatures tend to be low. If possible, farmers should also avoid areas of 
heavy clay soil where drainage is slow. Drainage can also be improved by reducing soil 
compaction (38).  
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My Project 
The goal of my research is to improve PRR disease management options available 
to soybean growers. There are three objectives: 
1) To evaluate race/pathotype diversity structure of P. sojae in three production 
fields in Iowa with a history of PRR infections  
2) To screen 32 PIs previously identified to have unique resistance to PRR, with 
Iowa field isolates to determine how useful the accessions might be in future 
breeding efforts, particularly considering the use of partial resistance to P. 
sojae 
 3) To determine if seed treatments in combination with partial resistance to P. 
sojae would be an effective disease management option in Iowa.  
Justification of Research 
Since surveys of P. sojae previously conducted in Iowa collected one soil sample 
per site, this provided no indication if the isolate identified in the sample was the only 
race present in the field. Work conducted in Ohio (8), Arkansas (22), and Australia (32), 
however, indicated it is possible for more than one race/pathotype to occur in a single 
field. In Arkansas, Jackson et al. (22) found seven races in a single field that had been 
used as a P. sojae nursery for breeding P. sojae-resistant soybeans. Similarly, in 
Australia, up to 8 races were found in a single field also used as a disease nursery (32). 
Dorrance et al. (8) also identified a variety of pathotypes of P. sojae in a single 
commercial field in Ohio. This type of information is not available in Iowa, neither for 
disease field nurseries nor for commercial soybean production fields. It is possible that 
since P. sojae populations are variable in disease nurseries and in other regions, similar 
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variability could also occur in naturally infested fields in Iowa. Such information could 
provide guidelines to researchers and producers on how to deploy and use resistance 
genes to protect soybean yields.  
   The race structure of P. sojae differs depending on soil types, climate, field 
altitude, and soil management. In Iowa, PRR surveys conducted in 1966 (35), 1994 (44), 
2002-04 (30), and 2006 (Cerra, unpublished) indicate that P. sojae is evolving, with 
different races, new races and new pathotypes becoming prevalent. This evolving picture 
of the race structure forces the need of local screening of the PIs, before the accessions 
can be used in breeding programs. The study is part of a regional effort, in which the 
same group of PIs was evaluated at different regions where PRR is prevalent.               
The value of single gene resistance as a disease management tool is currently 
being questioned, since endemic populations of the pathogen continue to diversify and 
Rps genes continue to fail. Thus more effective management strategies are required to 
reduce losses. An obvious strategy would be the use of partial resistance with the 
application of seed treatment fungicides to protect germinating seedlings until partial 
resistance was expressed for which there is no information in Iowa fields. The work 
conducted in Iowa is part of a collaborative study with other members of the North 
Central Soybean Research Program (NCSRP) Phytophthora group.  
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Chapter 2: Within field diversity of Phytophthora sojae populations in production 
soybean fields in Iowa 
To be submitted to Plant Disease 
Sarah M. Cerra, Alison E. Robertson and Silvia R. Cianzio 
Abstract 
 Phytophthora root and stem rot (PRR), caused by the oomycete Phytophthora 
sojae, is an economically important soybean disease in the North Central Region of the 
United States, including Iowa. Surveys of P. sojae previously conducted in Iowa 
collected one soil sample per site, which provided no indication if the isolate identified in 
the sample was the only race present in the field. Previous surveys in Iowa recovered 12 
races of the pathogen between 1966 and 2004. We proposed multiple races could exist 
within a single field and the objective of the work was to test this hypothesis. Two 
different baiting techniques were used. Thirty soil samples were collected systematically 
from three commercial fields with a history of PRR in Iowa. Soil samples were each 
baited using leaf disc and seedling baiting methods. A total of 36 isolates of P. sojae were 
collected from the three fields. Of those, 32 were identified to race or pathotype on a set 
of standard differentials. In two of the fields sampled, we recovered multiple races and 
pathotypes. In some samples, up to four pathotypes were recovered suggesting soybeans 
could be subjected to infection by more than one race (pathotype). We reported 11 races 
and 13 pathotypes new to Iowa. Different pathotypes were recovered depending on the 
baiting method used. Thus we suggest use of different baiting methods may give a better 
representation of the population of P. sojae in the field.  
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Introduction 
In Iowa, Phytophthora root and stem rot (PRR) (Phytophthora sojae Kaufmann & 
Gerdemann) (17) of soybean is a destructive seedling disease prevalent in over 63% of 
the soybean fields (20, 33). During 1998 - 2002, the estimated annual loss in Iowa 
averaged 92,480 metric tons of soybeans with an approximate value of $ 6 million (30). 
Greater yield losses can occur during years with favorable environmental conditions for 
disease development. Heavy rainfall and soil temperatures above 21° C (33) allow 
oospores to germinate and produce sporangia, which in turn release swimming zoospores. 
The free zoospores use chemotaxis signals to locate and infect soybean root tissue (5, 19, 
36), and the infection can occur throughout the growing season (15). Visual symptoms of 
the disease depend on time of infection and plant growth stage, i.e. pre-emergence and 
post-emergence damping off may occur soon after planting, foliar chlorosis symptoms 
may also be observed if the infection occurs at later stages, along with root rot, and plant 
death.  
Since the discovery and identification of PRR in 1955 (26), over 55 races or 
pathotypes of P. sojae have been identified (2, 8, 16, 18). In Iowa, it was first identified 
in 1966, which led to the first survey conducted to determine pathotypes from 1966 to 
1975 (27). At the time only one pathotype of P. sojae, race 1, was identified (27). During 
1992-1994, a second survey was conducted and eight pathotypes of P. sojae were 
identified (33). Pathotypes 1, 2, 3, 4, 8, 13, 15, and 25 (33) along with one new pathotype 
later identified as race 40 (34) were collected from soils and plant tissues. The most 
prevalent pathotype in soil samples was race 3, while race 1 was mostly isolated from 
diseased plants (32, 33). A third survey conducted from 2002 to 2004 (20) identified, in 
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addition to the eight pathotypes previously observed, four new races 18, 20, 28, and 35 
which were isolated from both plant tissues and soil samples. Races 28 and 25 were the 
most prevalent pathotypes collected from plant samples, comprising 15.8% of the isolates 
collected. Race 1 and race 3 were the most prevalent pathotypes isolated from the soil 
samples and represented 17.6% of the isolates (20). Race 25, which can overcome the 
most frequently used Rps1k gene by soybean breeders in the public and private sector 
(28, 31, 35), was found in 1% of the plant samples in the 1994 survey (33) and in 15.8% 
of the soil samples in the 2002 survey (20). A major concern that arose out of the two 
surveys was increased in the prevalence of isolates with the ability to defeat the Rps1k 
gene (20), the major source of resistance deployed in soybean varieties since 1981 (20). 
Surveys were conducted by collecting one soil sample from each site.  
Use of resistant cultivars is the most effective and economic management tool for 
PRR. Resistance provided by Rps genes is based on a gene-for-gene system as defined by 
H.H. Flor, in 1942 (12). Disease symptoms occur when a virulence type of P. sojae 
infects a soybean variety which contains the corresponding Rps recessive gene, resulting 
in an incompatible reaction and in disease occurrence (2, 29). Inheritance of resistance to 
different pathotypes is then race-specific and determined mostly by single major genes 
with dominant gene action (29, 37). To date, 14 Rps genes have been identified in P. 
sojae (3, 22). More recently, molecular information has provided indications that some of 
the genes may be located very close to each other or even may be forming clusters at the 
molecular level. It has been shown using SSR molecular markers, the Rps1k gene is 
actually two closely linked, functional genes (23). 
22 
 
For cultivar development, the most commonly deployed Rps genes in the north 
central region of the United States are Rps1c, 1k, 3a and 6 (9). In Iowa, the most 
commonly deployed gene is Rps1k, followed by Rps1c (28, 31, 35). However, concerns 
about the race changing picture observed in the three surveys conducted in Iowa, and 
concerns about the narrow genetic base for resistance to the disease, have prompted 
breeders to release lines with different genes, and to look for new genes that may broaden 
the genetic base of resistance. Examples of these changes are the use of Rps6 gene which 
confers resistance to the emerging race 25 found in Iowa, and the new gene recently 
identified by the Ohio group Rps8 (3)  already in use by some breeding programs (4).  
There is also great concern about the use of race-specific genes. Race or 
pathotype shifts in Phytophthora species are common (7, 16, 21) and a number of factors 
are hypothesized to contribute to genetic changes in the population. One factor is the use 
of a particular resistance gene may result in selection pressure on the endemic population, 
which leads to race shifts (16, 20). This may be one of the reasons why, the average life 
of a particular Rps gene usually is 8 to 15 years (6, 14). Some authors (13, 16, 20) have 
proposed that outcrossing may occur between pathotypes leading to genetic 
recombination and new race development. Other factors may also contribute to the 
appearance of new races. Approximately 350 avirulence gene homologues (25) have been 
identified in P. sojae and it is possible that mutations in these genes could result in the 
development of new pathotypes (16, 18, 20). Lastly, Jackson et al. (16) have suggested 
convergent evolution (similar adaptations occurring within populations of different 
geographic areas) could also explain race shifts in P. sojae.  
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Since surveys of P. sojae previously conducted in Iowa collected one soil sample 
per site, this provided no indication if the isolate identified in the sample was the only 
race present in the field. Work conducted in Ohio (7), Arkansas (16), and Australia (21), 
however, indicated it is possible for more than one race (pathotype) to occur in a single 
field. In Arkansas, Jackson et al. (16) found seven races (pathotypes) in a single field that 
had been used as a P. sojae nursery for breeding P. sojae-resistant soybeans. Similarly, in 
Australia, up to 8 races (pathotypes) were found in a single field also used as a disease 
nursery (21). Dorrance et al. (7) also identified a variety of pathotypes of P. sojae in a 
single, commercial field in Ohio. This type of information is not available in Iowa, not 
even for disease field nurseries let alone for commercial soybean production fields. It is 
possible that if P. sojae populations are variable in disease nurseries, similar variability 
could also occur on naturally infested fields. Such information could provide guidelines 
to researchers on how to deploy and to producers on how to use resistance genes to 
protect soybean yields. The objective of this research was therefore to evaluate pathotype 
diversity structure of P. sojae in three production fields in Iowa with a history of PRR 
infections. A second objective was to compare two different methods for recovery of P. 
sojae from soil samples, in order to facilitate variability determinations in future 
samplings.  
Materials and Methods 
Sampling 
 Three fields were identified by Iowa State University Field Crop Specialists in 
Iowa with histories of occurrence of PRR. In central Iowa, near the town of Albion (N42 
09.969 W92 58.280), a 32 hectare field was sampled in October, 2005. Soil samples also 
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were collected from a field of approximately 24 hectares near Albert City, Iowa (N42 
45.557 W94 57.481) in November, 2005. A third field, approximately 26 hectares in area, 
3.22 km east of Morse, Iowa (N 45 50.8, W24 89.0) was sampled in August, 2006. Soil 
samples from each field were collected systematically by creating a 3x10 grid. A total of 
30 soil samples were collected from each grid.  
Each soil sample consisted of 6-8 cores of soil, approximately 15 cm deep and 2.5 
cm across. Each sample of 6-8 soil cores was placed in a 3.78 L plastic zip bag and 
labeled with its location from a field map. Soil samples collected from the Morse field 
were baited immediately after collection. Soil samples from fields at Albion and Albert 
City were stored at 4° C for up to 1 month before baiting.  
Baiting 
 Seedling baiting 
 Seedling baiting method was described by Dorrance (10). Briefly, each soil 
sample had portions of compacted soil that were broken by hand before placing them in a 
10.16 cm plastic pot. The pots were then placed in a growth chamber adjusted to a diurnal 
schedule, i.e. day was set for 16 hours at 25° C and night was set for 8 hours at  20° C. 
Soil samples were moistened and allowed to warm 24 hours in the growth chamber. Ten 
seeds of the susceptible soybean cultivar Sloan (1) were planted in a plastic pot to bait P. 
sojae present in the soil sample. Three days after planting, the pots were flooded for 24 
hours. Thereafter, every three days, pots were watered with tap water by flooding the pot 
and letting the water drain from the bottom of the pot. When visual Phytophthora 
symptoms (brown stem lesion) became evident on seedlings, the plants were removed 
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from soil for P. sojae isolation. Each soil sample was baited with Sloan seedlings three 
times.  
Leaf Disc baiting 
 Leaf disc baiting was also done on each soil sample as described by 
Schmitthenner and Bhat (24). Briefly, plants of the susceptible cultivar Sloan were grown 
in 15 cm plastic pots, five plants per pot, under normal greenhouse conditions for 
approximately 3 weeks prior to leaf removal. Leaf discs were obtained with a 7 mm core 
borer from the oldest leaves of the plant. In 473 ml plastic cups (Solo®), a 2:1 sand-soil 
mix was used to fill half of the cup. Approximately 120 ml of soil from each field was 
over-layed on the sand-soil mix. The cups were filled with tap water and allowed to drain 
for 24 to 48 hours until all soil was completely dry. The cups were flooded with tap water 
a second time, but this time, the cups were placed inside a second cup with no holes in 
the bottom, to prevent water from draining. After flooded for 24 hours, eight 7 mm leaf 
discs of Sloan were floated on the water. Half the discs were removed two hours later, 
allowed to air dry on sterile paper towels in a biosafety cabinet, and plated on ½ V8 agar 
(900 ml distilled water, 100 ml V8 juice, 3 g calcium carbonate and 15 g of agar with 
0.05 g neomycin sulfate [antibiotic] and 0.02 g hymexazol [fungicide distinguishing 
between Phytophthora and Pythium]) plates. The rest of the leaf discs were removed 24 
hours later, dried as stated before, and plated on ½ V8 agar plates. Leaf disc baiting was 
repeated twice for each soil sample.  
Isolation and purification 
 P. sojae was isolated from tissue by plating small pieces of stem tissue taken from 
the leading edge of stem lesions or placing the entire leaf disc (four discs per Petri plate) 
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on ½ V8 agar. Seedlings with P. sojae symptoms were removed from soil sample pots. 
Seedlings were washed with tap water to remove any soil residues. The stem lesion 
(approximately 4 cm in length) was cut from the seedling and surface sterilized in 70% 
ethanol for 15 seconds. The tissue included about 1.5 cm of healthy tissue above the 
leading edge of the lesion as well as 1.5 cm of rotted tissue below the leading edge of the 
lesion. After sterilization, a piece of stem was cut from the original stem piece by 
removing and discarding about 0.5 cm from each end. The smaller section of stem was 
first cut longitudinally and then into thirds providing six total pieces of stem, two pieces 
of apparently healthy stem, two stem pieces with the leading edge of the lesion and two 
rotted stem pieces to bait for P. sojae. The six stem pieces were placed on two Petri 
dishes containing ½ V8 agar and pressed into the agar. Fluffy, white mycelial growth, 
characteristic of P. sojae, was transferred to fresh ½ V8 plates 3-5 days later. If multiple 
characteristic mycelial growth occurred from a single stem piece, all were collected. 
After four to five days of growth on ½ V8, a subculture of each isolate was placed on 
potato dextrose agar (PDA) to test for growth. Phytophthora sojae grows slowly, if at all, 
on PDA (11). Any isolate which did not grow on PDA was examined microscopically for 
aseptate hyphae, oospores and sporangia indicative of P. sojae. A DAS ELISA test was 
also run (Agdia, Inc) following their instructions to determine if the proteins unique to P. 
sojae were present within the sample.  
Isolates that were determined to be P. sojae microscopically and by ELISA were 
purified by single zoospore isolation, as described in Schmitthenner and Bhat (24). 
Briefly, 12 small pieces of agar (approximately 2 mm2) with mycelial growth were placed 
in lima bean broth (50 g lima beans, 1 L distilled water) for 48 hours. The broth was 
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carefully drawn off with a sterile, disposable 1 ml pipette repeatedly until all broth was 
removed. The remaining agar pieces were washed in Chen-Zentmeyer’s (C-Z) salt 
solution for 15 minutes four times. For each wash, fresh C-Z solution was used. After the 
final salt wash, the agar pieces were suspended in cold (4° C), sterile, distilled water and 
allowed to incubate for 6-8 hours in light at room temperature in a biosafety cabinet. A 
drop of water was placed on a slide and viewed under the microscope at 100 power. 
Isolates where swimming zoospores were observed were then plated on water agar plates 
by adding two drops of water and evenly distributing the liquid with a sterile, bent glass 
rod across the plate. Plates were collided with the table to encourage encysting. After 48 
hours, a single zoospore germ tube was removed and plated on ½ V8 agar.  
Race (pathotype) determination 
 After purification, each isolate was grown for five days on ½ V8 agar in the dark 
at room temperature. A 2 mm2 piece of mycelial growth and agar was transferred to a 
fresh ½ V8 plate for a long-term storage preparation while the rest of the isolate was 
grown up and used to test for race (pathotype) of the pathogen. Using a 10 ml syringe and 
an 18 gauge needle (Becton, Dickinson and Co., Franklin Lakes, NJ), a slurry of  
 
 
Table 2.1. Differentials used to determine race (pathotype) of Phytophthora sojae isolates  
Rps 
Gene Variety 
Rps 
Gene Variety 
Rps1a Parker Rps3c L92-7857 
Rps1b L77-1863 Rps4 L85-2352 
Rps1c Williams79 Rps5 L85-3059 
Rps1d PI 103091 Rps6 L89-1581 
Rps1k Williams82 Rps7 Harosoy 
Rps2 L76-1988 Rps8 PI 399073 
Rps3a L83-570 --- Sloan 
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agar and mycelia was made by passing the agar back and forth through the syringe. Ten 
seeds of each of the standard 14 soybean differentials (Table 2.1) were surface sterilized 
for 30 seconds in 70% ethanol, allowed to air dry, and germinated in germination paper 
(Anchor Paper, Hudson, WI) in 21 cm PVC cones. Cones were propped up in clear 
plastic containers for one week with ample tap water supply. Germinated seedlings were 
inoculated by scratching the hypocotyl and dispensing 0.2-0.4 ml of the agar/mycelia 
slurry from the syringe (Fig.2.1). Inoculated seedlings were allowed to grow at room 
temperature under 10 hours light, 14 hours darkness for 7-10 days at which time 
pathotype assessment was made. The race (pathotype) of the isolate was determined by 
rating the death of the differentials as described by Dorrance et al. (7). Seedlings with 
stem lesions (Fig.2.2) and/or root rotted 50% or greater were classified as susceptible. 
The race (pathotype) testing procedure was replicated twice to confirm results. 
Susceptible reactions of each Rps gene were placed onto field maps drawn of where 
isolates were collected. 
Results 
 Phytophthora sojae was isolated from each of the fields sampled. Variability 
within fields for pathotypes was identified in two of the three fields. A total of 36 isolates 
of P. sojae were collected from the three fields but four gave inconsistent pathotype 
results (Table 2.2). Of the isolates, 21 were isolated using the leaf disc baiting method, 14 
using the seedling baiting method and one from diseased plant tissue collected in the 
field. Eleven  races and thirteen pathotypes new to Iowa were isolated, with the ability to 
defeat resistance genes Rps1a, 1b, 1c, 1d, 1k, 3a, 3c, 4, 5, 6, and 7 (Table 2.3). Twenty 
five percent of the isolates could defeat Rps1c, 50% could defeat Rps1k and 34% could 
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defeat Rps6. Since the germination of soybean differential with resistance genes Rps8 and 
Rps2 was poor, the information was not included in the race (pathotype) evaluation.  
 In the Albion field, 13 isolates of P. sojae were collected (Table 2.2). Races 
identified were (pathotypes) 6, 11, 14, 15, 20, 22, 25 and 36 as well as three pathotypes 
M148 (Rps 1b, 1d, 1k, 3c, 4, 6, 7), M205 (Rps 1a, 1d, 1k, 3a, 7), and M211 (Rps 1a, 1d, 
1k) that did not match with documented races. One isolate gave inconsistent results in the 
pathotype classification test and it has been reported as such. Rps genes 1a, 1b, 1c, 1d, 1k, 
3a, 3c, 4, 6 and 7 were all susceptible to infection by these pathotypes (Table 2.2). In 
some cases multiple samples had multiple races (pathotypes), while other soil samples 
contained one or no P. sojae isolates (Table 2.4, Fig.2.3).  
 From the Albert City field, 21 isolates of P. sojae were collected (Table 2.2). Of 
these, races (pathotypes) 2, 3, 10, 14, 17, 21, 29, 33 and 54 were identified as well as nine 
pathotypes AC2 (Rps 1k, 3a, 4, 7), AC6 (Rps1d, 3a, 7), AC7 (Rps 1a,k 1d, 1k, 3a), AC15  
(Rps1a, 1k, 4, 6, 7), AC17 (Rps1b, 1d, 1k, 3a, 4), AC68 (Rps1d, 1k, 5), AC130 (Rps1c, 
1k, 3c, 5, 7), AC163 (Rps1a, 1k, 4, 6, 7), and AC230 (Rps1b, 1k, 3a, 6, 7) that do not 
correspond with any described races (pathotypes) of P. sojae. Two isolates had 
contradictory results in the race (pathotype) testing. This population of P. sojae is able to 
overcome Rps genes, 1a, 1b, 1c, 1d, 1k, 3a, 3c, 4, 5, 6, and 7 (Table 2.2). In contrast to 
the Albion field samples, few soil samples in Albert City had multiple races (pathotypes), 
while many samples did not have any isolates collected (Table 2.4, Fig.2.4). 
 Two isolates of P. sojae were identified in soil samples from Morse. These were 
from two separate soil samples (Table 2.4, Fig.2.5). One isolate was a pathotype that did  
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Figure 2.1. Soybean differential seedlings showing inoculation of agar/Phytophthora sojae mycelium 
slurry at the hypocotyl region. Seedlings were inoculated 7-10 days after germination. Mycelium slurry 
(0.2-0.4 ml) made by passing the agar and mycelium back and forth through a syringe was placed on the 
wounded hypocotyl region. Arrows point to mycelium slurry. 
 
 
Figure 2.2. Soybean differential seedlings showing susceptibility to Phytophthora sojae 7-10 days after 
inoculation grown in room temperature with ample tap water supply. Seedlings have P. sojae characteristic 
lesions (pointed by arrows) and root rotting when susceptible to disease by P. sojae.
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 Table 2.2. Phytophthora sojae isolates recovered from 3 commercial soybean fields in Iowa using two   
  baiting methods. 
Isolation 
method  Isolate Race Pathotype 
 Albion  
Seedling M4 25 1a, 1b, 1c, 1k, 7 
 M12 20 1a, 1b, 1c, 1k, 3a, 7 
 M44 11 1b, 6, 7 
 M81 15 3a, 7 
 M82 20 1a, 1b, 1c, 1k, 3a, 7 
Leaf Disc M148           Vir 1b, 1d, 1k, 3c, 4, 6, 7 
 M159 14 1c, 7 
 M178   Inconsistant 
 M195 6 1a, 1d, 3a, 6, 7 
 M205 Vir 
1a, 1d, 1k, 3a, 3c, 4, 
7 
 M210 22 1a, 1c, 3a, 6, 7 
 M211    Vir 1a, 1d, 1k 
Plant Tissue M110 36 3a, 6 
 Albert City  
Seedling AC6 Vir  1d, 3a, 7 
 AC7 Vir  1a, 1d, 1k, 3a 
 AC9 14 1c, 7 
 AC11  Inconsistent 
 AC15 Vir 1a, 1k, 4, 6, 7 
 AC17 Vir  1b, 1d, 1k, 3a, 4 
 AC51 29 1a, 1b, 1k, 6, 7 
 AC60  Inconsistent  
 AC68  Vir  1d, 1k, 5 
Leaf Disc AC1 33 1a, 1b, 1c, 1d, 1k, 7 
 AC2 Vir  1k, 3a, 4, 7 
 AC3 21  1a, 3a, 7 
 AC130 Vir  1c, 1k, 3c, 5, 7 
 AC143 17 1b, 1d, 3a, 6, 7 
 AC163 Vir 1a, 1k, 4, 6, 7 
 AC171 10 1b, 3a, 7 
 AC180 2 1b, 7 
 AC191 54 1d, 7 
 AC196 3 1a, 7 
 AC225 17 1b, 1d, 3a, 6, 7 
 AC230 Vir 1b, 1k, 3a, 6, 7 
 Morse  
Leaf Disc IC1 Vir 1b, 3a, 7 
 IC11  Inconsistent 
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Table 2.3. Races and pathotypes of Phytophthora sojae recovered in four surveys conducted in Iowa 
between 1966 and 2006.  
 
Race/pathotype Virulence formulae 
1966-1975 
Race 1  7 
1991-1994 
Race 2 1b, 7 
Race 3 1a, 7 
Race 4 1a, 1c, 7 
Race 8 1a, 1d, 6, 7 
Race 13 6, 7 
Race 15 3a, 7 
Race 25 1a, 1b, 1c, 1k, 7 
Race 40 1a, 1c, 1d, 1k, 7 
2002-2004 
Race 20 1a, 1b, 1c, 1k, 3a, 7 
Race 28 1a, 1b, 1k, 5, 7 
Race 35 1a, 1b, 1c, 1d, 1k, 7 
Pathotype 1c 
Pathotype 1b, 1d, 3a, 6   
Pathotype 1a, 1b, 1c, 1d, 1k, 3a, 7 
Pathotype 1a, 1c, 1d 
Pathotype 1a, 1b, 1c, 1d, 1k, 6, 7 
Pathotype 1a, 1b, 1c, 1k 
Pathotype 1a, 1b, 1d, 1k, 6, 7 
2005-2006 
Race 6 1a, 1d, 3a, 6, 7 
Race 10 1b, 3a, 7 
Race 11 1b, 6, 7 
Race 14 1c, 7 
Race 17 1b, 1d, 3a, 6, 7 
Race 21 1a, 3a, 7 
Race 22 1a, 1c, 3a, 6, 7 
Race 29 1a, 1b, 1k, 6, 7 
Race 33 1a, 1b, 1c, 1d, 1k, 7 
Race 54 1d, 7 
Pathotype 1a, 1k, 4, 6, 7 
Pathotype 1b, 1d, 1k, 3a, 4 
Pathotype 1d, 1k, 5 
Pathotype 1b, 1d, 1k, 3c, 4, 6, 7 
Pathotype 1a, 1d, 1k, 3a, 3c, 4, 7 
Pathotype 1a, 1d, 1k 
Pathotype 1k, 3a, 4, 7 
Pathotype 1c, 1k, 3c, 5, 7 
Pathotype 1a, 1k, 4, 6, 7 
Pathotype 1d, 3a, 7 
Pathotype 1a, 1d, 1k, 3a 
Pathotype 1b, 1k, 3a, 6, 7 
Pathotype 1b, 3a, 6 
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not match any identified race IC1 (Rps1b, 3c, 6) (Table 2.2). The second isolate did not 
give consistent results in the pathotype testing.  
 Two baiting methods were compared for isolating P. sojae from soil, leaf disk and 
seed baiting (Table 2.2).  In the Albion field, a third method of baiting was used; 
isolations were also conducted from disease plant tissue collected in the field.  
 In the Albion field, the first method used was seedling baiting of soil samples, and 
races (pathotypes) 11, 15, 20, and 25 were isolated (Table 2.2).  Of the five isolates 
collected from seedling baiting, two were race 20, one each were of races 11, 15, and 25.  
Sixty percent could defeat Rps1c and 1k and 20% could defeat Rps6. Leaf disc baiting 
was a second method used on the Albion soil samples. Races (pathotypes) 6, 14 and 22 
were isolated using this method. Three pathotypes, M148 (Rps1b, 1d, 1k, 3c, 4, 6, 7), 
M205 (Rps1a, 1d, 1k, 3a, 7) and M211 (Rps1a, 1d, 1k) were also collected using the leaf 
baiting method. Of the isolates recovered from leaf disc baiting, 50% of isolates collected 
using the leaf disc method could defeat Rps1k and 6, while 33% could defeat Rps1c. One  
 
Table 2.4.  Number of Phytophthora sojae isolates collected per soil sample in each field. 
Isolate/soil 
sample 
Soil 
Samples 
Albion  
Multiple 5 
Single 3 
None 22 
  
Albert City  
Multiple 3 
Single 6 
None 21 
  
Morse 
Multiple 0 
Single 2 
None 28 
 
34 
 
 
 
 
 
 
 
 
 
 
                 
 
 
 
                                        N 
Figure 2.3. Albion field map showing Phytophthora sojae isolate collected from soil samples, 13 isolates 
of P. sojae were collected from eight soil samples. Empty grids are areas of the field in which isolates of P. 
sojae were not collected. The P. sojae population is able to overcome Rps genes 1a, 1b, 1c, 1d, 1k, 3a, 3c, 
4, 6, & 7.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 M4, M12, M44 M205, M210 
 
 
 M148, M159  
 
 
 M81, M83 M211 
 
 
 
 
  
 
 
M110 M195  
 
 
 
 
  
 
 
 
 
  
 
 
 
 
  
 
 
 
 
  
 
 
 
 
  
 
 
M178 
 
  
35 
 
 
 
 
 
       
                 
 
 
 
 
 
 
 
 
 
   N 
 
Figure 2.4. Albert City field map showing Phytophthora sojae isolates collected from soil samples, 21 P. 
sojae isolates were collected from nine soil samples. Empty grids are areas of the field where isolates of P. 
sojae were not collected. The P. sojae population could defeat the following Rps genes; 1a, 1b, 1c, 1d, 1k, 
3a, 3c, 4, 5, 6, 7.  
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Figure 2.5. Morse field map showing Phytophthora sojae isolates collected from soil samples, two isolates 
were collected. Empty grids are areas of the field where isolates of P. sojae were not collected. The P. 
sojae population could defeat the following Rps genes; 1b, 3a, 7.  
 
isolate collected using the leaf disc method had inconsistent results in the race 
(pathotype) testing and therefore was not used in figuring percentages. One race, 36 
(Rps3a, 6), was isolated from plant tissues brought in from the field.  
 Albert City soil samples were baited with two methods (Table 2.2). Races 
(pathotypes) 14, 29 and 33 and five pathotypes, AC6 (Rps1d, 3a, 7), AC7 (Rps1a, 1d, 1k, 
7), AC15 (Rps1a, 1k, 4, 6, 7), AC17 (Rps1b, 1d, 1k, 3a, 4) and AC68 (Rps1d, 1k, 5) were 
collected using the seedling baiting method while races (pathotypes) 2 , 3, 10, 17, 21 and 
54 along with four pathotypes, AC2 (Rps1k, 3a, 4, 7), AC130 (Rps1c, 1k, 3c, 5, 7), 
AC163 (Rps1a, 1k, 4, 6, 7) and AC230 (Rps1b, 1k, 3a, 6, 7) were collected using the leaf 
disc method. Twenty five percent of isolates collected using the seedling baiting could 
defeat Rps 6, while 75% could defeat Rps 1k. The two isolates with inconsistent race 
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testing were not included in the calculations for seedling baiting methods. Using the leaf 
disc method, 42% could defeat Rps1k, 33% could defeat Rps6 and 17% could defeat 
Rps1c.  
 The two isolates identified from Morse soil samples were collected using the leaf 
disc method (Table 2.2). One isolate gave inconsistent results in the pathotype testing. 
The second had the pathotype, Rps1b, 3c, 6, with ability to defeat Rps6.  
Discussion 
The diversity of Phytophthora sojae in three fields with a history of PRR in Iowa 
was examined. A total of 36 isolates of P. sojae were collected from the three fields 
sampled. Two of the three fields had multiple races (pathotypes) of P. sojae. A total of 11 
new races to Iowa, as well as 13 pathotypes of P. sojae, were identified in this study. The 
11 races new to Iowa are 6, 10, 11, 14, 17, 22, 29, 33, and 54. The 13 pathotypes new to 
Iowa include the following; M148 (Rps1b, 1d, 1k, 3c, 4, 6, 7), M205 (Rps1a, 1d, 1k, 3a, 
7), M211 (Rps1a, 1d, 1k), AC2 (Rps1k, 3a, 4, 7), AC6 (Rps1d, 3a, 7), AC7 (Rps1a, 1d, 
1k, 3a), AC15 (Rps1a, 1k, 4, 6, 7), AC17 (Rps1b, 1d, 1k, 3a, 4), AC68 (Rps1d, 1k, 5), 
AC130 (Rps1c, 1k, 3c, 5, 7), AC163 (Rps1a, 1k, 4, 6, 7), AC230 (Rps1b, 1k, 3a, 6, 7) and 
IC1 (Rps1b, 3c, 6). One explanation for the presence of multiple races (pathotypes) in 
some field sections could be that multiple soil samples were taken from each individual 
site, while in previous surveys only one sample per site was collected (15, 20, 25). Of the 
24 new races and pathotypes, 54% can defeat Rps1k. In addition, 46% of the new races 
and pathotypes can defeat Rps6, which was to be the next Rps gene introduced into Iowa 
commercial soybean lines. 
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Rps genes 1a, 1b, 1c, 1d, 1k, 3a, 3c, 4, 5, 6 and 7 were defeated by the isolates of 
P. sojae collected from soil samples from two of the three fields, with Rps1c being 
defeated by 25% of the isolates, Rps1k defeated by 50% of isolates and Rps6 defeated by 
34% of isolates collected. Isolates were collected using diseased plant tissue obtained 
from the field and by baiting soil samples with seedlings and leaf discs.   
Some soil samples had up to four races (pathotypes) of P. sojae recovered from 
the samples indicating soybeans could be subjected to infection from more than one race 
(pathotype). The results may have implications for future cultivar breeding and 
management of PRR. Breeders will have to consider stacked genes or use of partial 
resistance to cover a wide array of races (pathotypes). This also has implications for 
future research, for example some possible questions of fitness of races (pathotypes) 
could arise. Another possible question is whether multiple races (pathotypes) can infect 
one plant.  
Changes in race (pathotype) populations have been documented in previous 
surveys in Iowa. The race (pathotype) shift has been considerable in Iowa since 1994 (20, 
33). The second survey conducted in Iowa between 1992 and 1994 found 1% P. sojae 
isolates recovered could defeat the Rps 1k gene (33). The survey conducted between 
2002 and 2004 found 45% of isolates collected could defeat the Rps1k gene (20). This 
study found 50% of isolates collected could defeat the Rps1k gene. Races (pathotypes) 
previously reported at higher prevalence, such as races (pathotypes) 1, 3, 4, 25 and 28 
(20) have now been collected at lower frequencies, if collected at all, in this study. Races 
3 and 25 have been collected at less than 4% in this study. Races (pathotypes) 1, 4 and 28 
were not recovered.  
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Previous surveys in Arkansas and Australia studying within field racial diversity 
of P. sojae, sampled trial sites used for screening breeding materials (16, 21). In 
Arkansas, 8 races and 7 pathotypes were found in a single field (16). Jackson and 
colleagues (16) concluded the diverse population found in the field could be attributed to 
the selection pressure placed on the population by the large number of Rps genes that had 
been planted in the field. Ryley, et al. (21) found eight races (pathotypes) within a single 
disease nursery in Australia. In this study, we extensively sampled grower’s fields. In two 
of the three fields, we found similar diversity to the Arkansas study. Therefore, complex 
racial structure of P. sojae may be more naturally occurring than previously thought.  
 Finding multiple races (pathotypes) within a field increases the need for use of 
partial resistant commercial cultivars in Iowa. Trends in Iowa are to plant earlier in the 
spring. Therefore, soil temperatures are below favorable temperatures for P. sojae. In 
Iowa, Phytophthora root and stem rot is becoming less an important seedling disease and 
more of a mid- to late season disease problem. Although partial resistance to P. sojae 
does not become active until the VC stage of growth (7, 9), partial resistance would be a 
useful tool in management of a mid- to late season problem.  
 The majority of isolates in this study were collected using two soil baiting 
methods, seedling and leaf disc. Many studies of P. sojae use either one of the methods 
(7, 16, 20, 33). We found fewer isolates using the seedling method than the leaf disc 
baiting method. After soil preparation, the leaf disc method is faster, requiring only three 
days (24), while seedling baiting can take from seven days to three weeks (7). We 
suggest if future researchers have time, greater diversity of P. sojae can be isolated using 
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both leaf disc and seedling baiting of soil. Using both baiting methods may give a better 
representation of the population of P. sojae in the field.  
 Drainage maps were collected from the Web Soil Survey by USDA 
(http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx) (Appendix 2.1). Maps 
were compared to where isolates were collected to determine if a correlation exists 
between soil drainage and P. sojae isolates. Isolates of P. sojae from Albert City were 
collected from very poor, somewhat poor, poor and well drained soils. Isolates from 
Albion were collected from very poor and poorly drained soils. Isolates of P. sojae from 
Morse were collected in well drained soil. It is not known if the fields are tiled, which 
would not be shown on the drainage maps, but could give additional information to soil 
samples with P. sojae isolates.  
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Appendix 2.1. Drainage maps of commercial soybean fields in Iowa that were sampled 
for Phytophthora sojae.  
 
Albert City field map. Isolates of Phytophthora sojae were collected in all drainage types. Darker blue 
indicates very poor drainage. Lighter blue indicates poor drainage. Turquoise indicates somewhat poor 
drainage and yellow indicates well drained. Drainage maps were accessed on Web Soil Survey website by 
the USDA: http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx 
N
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Albion field map. Isolates of Phytophthora sojae were collected in poorly or very poorly drained soils. 
Light blue indicates poor drainage. Turquoise indicates somewhat poor drainage and yellow indicates well 
drained. Drainage maps were accessed on Web Soil Survey website by the USDA: 
http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx 
 
N
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Morse field map.  Isolates of Phytophthora sojae were collected in well drained soils. Light blue indicates 
poor drainage. Yellow indicates well drained. Drainage maps were accessed on Web Soil Survey website 
by the USDA: http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx 
 
 
 
 
 
 
 
 
 
 
 
 
 
N
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Chapter 3: Evaluation of 32 Plant Introduction lines for new sources of 
resistance to Phytophthora sojae in soybeans 
Abstract 
In collaboration with the North Central Soybean Research Program, we screened 
32 previously identified plant introduction (PI) lines against isolates of P. sojae collected 
in Iowa to identify potential resistance beneficial to Iowa growers. The PIs were screened 
for resistance in four fields, three of which had a history of Phytophthora root and stem 
rot, over two years. We also screened the PIs in the greenhouse using four layer tests with 
multiple combinations of isolates of P. sojae. Based on emergence data and disease 
severity assessments, we identified six PI lines (PI398693, PI399079, PI408029, 
PI424487B, PI567374, and PI407974B) with good resistance to PRR. These lines will be 
incorporated into PRR-resistance breeding programs by soybean breeders in Iowa.  
Introduction 
Phytophthora sojae is the oomycete that causes Phytophthora root and stem rot 
(PRR) in soybeans. It is a soil-borne oomycete first identified in Iowa in 1966 (15). The 
organism causes disease symptoms at any stage of plant growth, from pre-emergence 
until late in the season. At all stages of infection, disease symptoms impair plant 
production and cause yield reductions (7). The disease is the second most economically 
destructive disease in soybean after soybean cyst nematode (18). 
Management of PRR includes a combination of cultural practices, genetic 
resistance and fungicide seed treatments, with genetic resistance being the most effective 
and economical. In soybeans, there are two types of resistance to P. sojae: single gene 
resistance and partial resistance (2, 10, 20). Single gene resistance, also known as race 
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specific, is coded for by one or a few dominant Rps genes present in the soybean genome 
(17, 20). Fourteen Rps genes have been identified thus far (3, 14). Resistance provided by 
Rps genes is based on a gene-for-gene system. The use of race-specific genes is believed 
to result in selection pressure on the fungal population in the soil, forcing the organism to 
change race structure in order to survive. It is generally accepted that the life span of a 
particular resistance gene is usually between 8 to 15 years (6).  
In contrast, partial resistance to P. sojae in soybeans does provide some protection 
against all races of P. sojae (7, 17). Partial resistance, also called tolerance, field 
tolerance and rate-reducing resistance, (7, 17, 20) refers to the plants ability to be infected 
by a pathogen and yet survive without debilitating symptoms and dramatically reducing 
yield (10, 20). In soybean cultivars with partial resistance to P. sojae, the pathogen 
infects the root system, but colonization is hindered so that infected plants survive and 
produce seed (17). Partial resistance ensures a single race is not selected for or against, 
because all pathotypes of P. sojae have the ability to infect, therefore the useful life of the 
genes conferring partial resistance may be longer than that of the single resistance genes 
(2, 17). The number of genes involved in partial resistance to P. sojae is probably high 
and have yet to be identified, making it difficult to discover and breed new lines (2).  
Soybean cultivars in the U.S. have a narrow genetic base (5, 9), which is an 
important concern related to disease resistance and to the need of protecting the crop. The 
National Soybean Germplasm Collection contains more than 60,000 accessions or plant 
introductions (PI) which are being investigated in the search for new genes. In 2000, 
Dorrance and Schmitthenner (6) identified 32 accessions as possible sources of new 
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resistance genes and also as possessing partial resistance. The PIs may become new 
sources of resistance to breed for improved cultivars and germplasm lines. 
  The race structure of P. sojae differs depending on soil types, climate, field 
altitude and slope, and soil management. In Iowa, PRR surveys conducted in 1966 (16), 
1994 (19), 2002-04 (13), and 2005-06 (Cerra, unpublished) indicate that P. sojae is 
evolving, with different races, new races and new pathotypes becoming prevalent. This 
evolving picture of the race structure forces the need of local screening of the PIs, before 
the accessions can be used in breeding programs. The objective of this study was 
therefore the screening of the 32 PIs with PRR Iowa field isolates to determine how 
useful the accessions might be in future breeding efforts, particularly considering the use 
of partial resistance to P. sojae in Iowa. The study is part of a North Central regional 
effort, in which the same group of PIs was evaluated by different states where PRR is 
prevalent.               
Methods and Materials  
Field experiments  
 Four field sites were chosen to test PI lines for resistance to P. sojae. In 2005, the 
PI trials were planted in fields near Eddyville, Iowa (N41 03.353 W92 39.435), and 
Ames, Iowa at the Marsden Farm (N42 00.545 W93 46.789). In 2006, the experiments 
were planted in fields near Albert City, Iowa (N42 45.557 W94 57.481) and Albion, Iowa 
(N42 09.969 W92 58.280. Severe yield loss due to PRR had been reported in three of the 
four fields, Eddyville, Albert City and Albion.  
Thirty two PI lines and the cultivar Archer (4) with Rps genes 1k and 6, were 
planted in single row plots. Each row was 1.52 m long with 76.2 cm between rows, 
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planted with 10 seeds per 0.3 m. Six replications were used in each trial. Each plot was 
evaluated for emergence based on a rating scale of 1 to 5, with 1 = no emergence and 5 = 
optimum emergence (15). Disease incidence of P. sojae also was recorded by counting 
the number of plants with PRR symptoms 7 to 10 days after heavy rain. Each plot was 
recorded individually.  
Greenhouse layer test experiments 
 Four layer tests were conducted in a greenhouse environment to test for partial 
resistance in the 32 PI lines. Different races or pathotypes were used for each of the layer 
tests that were selected to cover all major Rps genes that could be defeated in Iowa.  
Races 1, 3, and 7 of P. sojae (X.B. Yang lab, collected 2002) were grown on ½ 
strength V8 (900 ml of distilled water, 100 ml of V8 juice, 3 g of calcium carbonate and 
15 g of agar) with 0.05 g neomycin sulfate and 0.02 g hymexazol. Three additional layer 
tests using races 17 and 33, races 20, 11 and 54, and 3 pathotypes unidentified to race 
(Rps1a, 1k, 4, 6, 7; Rps1b, 1d, 1k, 3a, 4; Rps1c, 1k, 3c, 5) were conducted on the 32 PI 
lines, the cultivar Archer (4) with Rps genes 1k and 6 and the susceptible cultivar Sloan 
(1). The isolates of P. sojae used to conduct the additional layer tests were collected from 
Iowa soil samples from the within racial diversity study done in 2006 (Cerra, 
unpublished). Equal quantities (approximately ½ a Petri plate) of mycelia and agar of 
each race were mixed together as a slurry by running the agars together through a 10 ml 
syringe. Using a 10 ml syringe and an 18 gauge needle (Becton, Dickinson and Co., 
Franklin Lakes, NJ), a slurry of agar and mycelia was made by passing the agar back and 
forth through the syringe. Approximately 0.2-0.3 ml of mycelia-agar slurry  was used to 
inoculate ½ V8 agar plates (900 ml distilled water, 100 ml V8 juice, 3 g calcium 
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carbonate and 15 g of agar with 0.05 g neomycin sulfate [antibiotic] and 0.02 g 
hymexazol [fungicide distinguishing between Phytophthora and Pythium]). Each of the 
race/pathotype mixtures were similarly prepared and grown in the dark at 25° C for one 
week. 
Styrofoam cups, 0.946 L, (Dart Container Corp., Mason, Michigan) were half 
filled with vermiculite (Fig.3.1). The race mixture agar plates were placed, mycelia up. 
Above the agar plate, the cups were filled with 5 cm of vermiculite. In each cup, 10 seeds 
of a single PI line were planted 5 cm above the race mixture agar plate. Seedlings were 
allowed to grow under normal greenhouse conditions, watering with tap water every 
other day to fill the cup. Evaluation of seedlings was done three weeks after planting. 
Ratings were given to each cup based on a 1 to 9 scale, 1= all roots were rotted, no 
seedlings emerged and 9= 10 healthy seedlings emerged and no roots rotted (Fig.3.2). 
Layer test rating system was developed by Anne Dorrance (10). Each layer test was 
replicated twice. 
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Figure 3.1. Diagram of layer test set up. Ten seeds of PI lines were planted 0.967 L Styrofoam cups in 
vermiculite 5 cm above agar plate with P. sojae isolates collected from Iowa. Seedlings were allowed to 
grow in greenhouse conditions for 3 weeks. Evaluation of seedling emergence and root rot were recorded. 
 
 
Results 
 Field results 
In each of the field trials there was very low PRR disease pressure and no plants in the 
trial site were observed with P. sojae symptoms in the field. Five PI lines, PI399079, 
PI408029, PI424487B, PI567374, and PI407974 scored 5’s in 3 of the field tests while 
PI398693 scored 5 in all tests (Table 3.1). High scoring PI lines were reported to breeders 
for using possible partial or novel resistance to isolates of P. sojae from Iowa. Due to low 
emergence, Albert City results were not included in PI evaluations. The poor plant 
emergence that occurred at the Albert City field could have been due to other pathogens 
such as Fusarium or Rhizoctonia attacking the plants. Although we did not attempt 
isolation from the seed or germinated seedlings because the seedling was too rotted at the 
PI seeds planted 
Agar plate
Vermiculite
5 cm
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Figure 3.2. Rating of layer test based on a 1-9 scale, 1=all seedlings died before emergence, 9=all healthy 
seedlings with no evidence of root rot or stem lesions. Photograph by Anne Dorrance, Ohio State 
University. 
 
time of the initial stand count date (22 June), it is possible that damping off due to 
Rhizoctonia could have occurred. Other reasons for poor emergence may include planter 
problems, or insect damage. 
 Emergence of the PIs at Eddyville was very good. Seven PI lines had emergence 
levels averaging 5 on the rating system (Table 3.1, Fig.3.3A). These lines included 
PI399073, PI398697, PI424487B, PI398295, PI424169A, PI273483D, and PI399036. 
Only 5 lines did not score an average of 4.5 or above in Eddyville. These include PI lines 
PI408319C, PI424354, PI408225A, PI408211B, and PI398694. 
 The Marsden trial site did not have a known history of PRR (Table 3.1, Fig.3.3B). 
This trial site had one PI that averaged 5 on the rating scale across all repetitions, 
7 7 8 9 
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PI417229. Twelve lines averaged above 4.5 on the emergence rating scale including 
PI424487B, PI408319C, PI567374, PI407861, PI398693, PI399036, PI398666, 
PI407974B, PI408015, PI407985, and PI273483D.  
 In 2006, none of the lines scored an average of 5 at either of the two field sites 
(Table 3.1, Fig.3.4A & 3.4B). In Albion, there were 9 PI lines that scored 4.5 or higher 
on the emergence rating scale. These were PI399079, PI407974B, PI424354, PI408029, 
PI398693, PI404159, PI398697, PI567374, and PI398694. In Albert City, emergence was 
very poor and there were no PI lines that scored an average of 4.5 or higher. There were 
only two lines that scored an average of 4. Isolations from seedlings that did not emerge 
were not done, due to the progression of seedling rot. 
Greenhouse layer test results 
 Three PI lines scored above 8 in emergence on the 1-9 emergence rating scale in 
all of four layer tests conducted (Table 3.1). These lines included PI398693, PI399079 
and PI408059. The other lines had similar results in all four layer tests. The first layer test 
using races 1, 3 and 7 of P. sojae was evaluated on a scale of 1 to 9, with 9 equal to no 
disease symptoms and all ten seedlings emerged. There were nine lines that scored an 
average above 8, PI398643, PI424533, PI399073, PI399079, PI424487B, PI408029, 
PI408319C, PI398693, and PI424247B.  
 The second layer test, using races 17 and 33 had 12 PI lines that emerged with an 
average above 8 on the 1-9 emergence rating scale (Table 3.1). These included PI398693, 
PI399079, PI408029, PI424487, PI567374, PI398666, PI398697, PI398643, PI424533, 
PI408015, PI273483D, and PI274456.  
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PI lines PI398693, PI399079, PI408029, PI424487, PI407974B, PI399073, 
PI398697, PI424533, PI408015, PI407985, PI408319C, PI273483D, PI408137A, 
PI398440, and PI398295 emerged with an average above 8 on the 1-9 emergence rating 
scale in the third layer test using races 11, 20 and 54 (Table 3.1).  
The final layer test including three pathotypes of P. sojae covering Rps genes 1a, 
1b, 1c, 1d, 1k, 3a, 3c, 4, 5, 6, and 7 had 12 PI lines that emerged on average above 8 on 
the 1-9 emergence rating scale (Table 3.1). These included the following lines: PI398693, 
PI399079, PI408029, PI567374, PI407974B, PI399073, PI398697, PI408319C, 
PI424247B, PI408137A, and PI417229.  
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Table 3.1. Soybean Plant Introduction (PI) emergence ratings, at three field locations, and using four 
different layer tests in greenhouse conditions.  
 Fielda  Greenhouseb  
 
Eddyville 
2005 
Marsden 
2005 
Albion 
2006   
Races 1, 
3, & 7 
Race 17 
& 33 
Races 
11, 20 & 
54 
3 
pathotypesc 
PI398693 5 5 5  9 9 9 8 
PI399079 5 4 5  9 8 8 9 
PI408029 5 4 5  9 8 9 9 
PI424487B 5 5 4  9 9 8 7 
PI567374 5 5 5  7 8 7 8 
PI407974B 5 5 5  7 6 9 9 
Archer 5 5 5  9 8 7 9 
 
PI398666 5 5 4  6 9 6 7 
PI399073 5 4 4  9 7 8 9 
PI398697 5 4 5  7 8 8 8 
PI398643 5 4 4  9 8 6 9 
PI424533 5 4 4  8 9 8 7 
PI408319C 4 5 4  9 7 8 9 
PI407861C 5 5 4  6 6 7 7 
PI408015 5 5 4  6 9 8 7 
PI407985 5 5 4  7 7 8 7 
PI424247B 5 4 4  8 7 7 8 
PI404159 5 4 5  6 6 7 7 
PI399036 5 5 4  7 6 6 7 
PI417229 5 5 4  7 6 4 8 
PI273483D 5 5 4  7 8 8 7 
         
PI408137A 5 4 4  7 7 8 8 
PI398295 5 4 4  6 7 8 7 
PI424169A 5 4 4  4 5 5 7 
PI424234B 5 4 4  6 5 6 7 
PI398694 4 4 5  7 7 7 7 
PI398440 5 4 4  7 7 8 6 
PI408097 5 4 4  3 5 6 5 
PI424247A 5 4 4  5 6 6 5 
PI274456 5 4 4  7 8 7 6 
PI424354 4 4 5  6 7 4 6 
         
PI408211B 4 4 4  5 4 3 6 
PI408225A 4 4 4  4 4 5 4 
Sloan     2 1 1 1 
 aEmergence was recorded by evaluating rows on a 1-5 scale with 1=no plants emerged and 5=soybeans in 
the row emerged with now gaps. Each PI line was replicated within the field trials six times and average 
emergences were calculated. 
 bLayer tests were evaluated on a 1-9 scale, with 1=no plants, 9= all plants emerged and showed no 
symptoms of P. sojae disease.  
cVirulence formulae of each pathotype were: Rps1a, 1k, 4, 6, 7; Rps1b, 1d, 1k, 3a, 4; Rps1c, 1k, 3c, 5. 
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Figure 3.3. Emergence scores of 32 plant introduction lines planted in commercial soybean fields with a 
history of Phytophthora root and stem rot at A) Eddyville and B) Marsden. Emergence was evaluated on a 
1-5 scale, 1=no plants emerged, 5= all plants emerged. All lines that scored 4.5 or greater were assessed as 
having resistance to PRR. 
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Figure 3.4. Emergence scores of 32 plant introduction lines planted in commercial soybean fields with a 
history of Phytophthora root and stem rot at A) Albion and B) Albert City.  Emergence was evaluated on a 
1-5 scale, 1=no plants emerged, 5= all plants emerged.  All lines that scored 4.5 or greater were assessed as 
having resistance to PRR. 
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Discussion 
  
In three field trials and three greenhouse experiments we evaluated 32 soybean PI 
lines for resistance to P. sojae in Iowa. Six PI lines (PI398693, PI399079, PI408029, 
PI424487B, PI567374, and PI407974B) had strong emergence ratings in both the fields 
and greenhouse layer tests. These six will be included in breeding efforts in Iowa in 2007. 
The PI lines that did well in one field versus the other fields may have stacked 
genes that are protective against the endemic population of P. sojae in that particular 
field. We collected data of the racial composition of P. sojae within fields at Albert City 
and Albion. We found the populations in each field to be diverse and unique (Cerra, 
unpublished). Gordon, et al. (11) studied the same 32 PI lines to determine if the sources 
of resistance in the PI lines was due to novel genes, stacked genes or a combination of 
novel and stacked genes. Of the PI lines studied, they were able to classify 13 into 
categories based on F2 ratios of PI lines crossed to cultivars of known genes (11). 
PI399079 is thought to have 2 novel genes (11) and was effective in Eddyville and 
Albion field trials as well as the layer test, indicating that PI399079 would be a promising 
resistance line for soybean breeding in Iowa.  
 The layer tests examined the PI accessions’ responses to P. sojae races and 
pathotypes collected in Iowa. These isolates are virulent to Rps1a, 1b, 1c, 1d, 1k, 2, 3a, 
3c, 4, 5, 6, and 7 (12). By exposing the PI lines to a large number of virulence genes that 
could overcome a large number of Rps genes, we would be able to predict presence of 
novel or partial resistance that would be useful against diverse populations of P. sojae in 
Iowa soybean fields. Layer tests showed similar results to the field tests. This is useful to 
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breeders, who need ways to successfully examine PI accessions quickly and in the off-
season providing results that are comparable to what would be seen in the field.  
 U.S soybean germplasm has a very narrow genetic base (5, 9). Initial simple 
sequence repeat (SSR) studies of the 32 PI lines showed the lines are genetically distant 
from US and Chinese soybean germplasms (3), which is beneficial in adding diversity to 
commercial lines. Currently, there are no effective techniques for distinguishing between 
partial resistance and resistance due to multiple Rps genes. Development of a technique 
to distinguish resistance types would be very useful to researchers and breeders in the 
ability to quickly examine PI accessions before working to breed new lines.  
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Chapter 4: Use of mefenoxam in combination with soybean genotype as a 
Phytophthora disease management tool in Iowa 
Abstract 
Phytophthora root and stem rot (PRR), caused by the oomycete Phytophthora 
sojae, is an economically important soybean disease in the North Central Region of the 
United States, including Iowa. We evaluated the use of fungicide seed treatments in 
combination with partial resistance as a disease management tool.  This work was done in 
collaboration with other participants of the North Central Soybean Research Program. 
Three fields with a history of PRR were identified in Iowa and field trials were conducted 
over two years (2005 and 2006).  A split plot design was used.  The main plot was 
cultivar of soybean (2 susceptible; Sloan and Williams, 2 reportedly partial resistant; 
Stine 2402 and S27-T7, and 2 with Rps genes; Archer with Rps1k and 6 and 2834RR 
with Rps1k). The subplot included three seed treatments; a control untreated, Apron XL® 
and Apron XL® plus Apron Maxx®. Evaluations included initial stand counts, disease 
incidence taken twice in the growing season, final stand counts and yields. Unfortunately, 
disease pressure was low due to unfavorable environmental conditions for P. sojae. We 
are unable to make any conclusions to the effectiveness of using fungicide seed 
treatments in combination with partial resistance as an effective management tool.   
Introduction 
One of the most important diseases of soybean that occurs in Iowa is caused by 
the oomycete, Phytophthora sojae (12). Soybean plants can be attacked at any growth 
stage by the pathogen resulting in damping-off of seedlings, and root and stem rot later in 
the season. The pathogen survives as oospores in the soil and plant residue. Saturated, 
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warm soils (>21 ° C) favor germination of oospores, development of sporangia, and 
infection of soybean roots by zoospores (12). Favorable conditions for disease 
development soon after planting can result in considerable stand loss.  
Phytophthora root and stem rot (PRR) has been successfully managed by planting 
soybean cultivars with single gene resistance (Rps). Single gene resistance, also known as 
race specific, is coded for by one or a few dominant Rps genes present in the soybean 
genome (10, 14). To date, 14 Rps genes have been identified in P. sojae (9). The most 
commonly deployed Rps gene in commercial soybean cultivars in Iowa over the past 
decade has been Rps1k (11, 13). Other Rps genes that also have been used are Rps1a, and 
1c (11, 13). In Iowa, 12 races of the pathogen have been reported in 2004 (8) and this 
number continues to increase (Cerra, unpublished). Many of these races are able to 
overcome the Rps genes present in commercial soybean cultivars rendering the resistant 
genes ineffective.  
In contrast, partial resistance to P. sojae in soybeans provides protection against 
all races of P. sojae (7, 10). Additionally, this type of resistance ensures a single race is 
not selected for or against; therefore partial resistance lasts longer than single gene 
resistance (4, 10). Several genes are believed to confer partial resistance to P. sojae 
although they have yet to be identified (4). Soybean cultivars with partial resistance to P. 
sojae, are susceptible to infection by the pathogen, but colonization of the root system is 
restricted so infected plants have little root rot and no yield loss (10). There is increasing 
emphasis on incorporating partial resistance into commercial soybean cultivars to provide 
long-term disease management of P. sojae in soybeans. However a caveat of partial 
resistance is that it is not expressed in seeds and germinating seedlings. Thus cultivars 
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with this type of resistance are still highly susceptible to infection by P. sojae at and 
immediately after planting at least until the unifoliate leaves are visible (5-14 days after 
planting depending on soil temperatures) (6).  
The fungicide metalaxyl and its isomer mefenoxam have been used as a soil 
drench, seed treatment and spray to control plant diseases caused by oomycetes in many 
crops. Field evaluations of seed treatment fungicides are often difficult since soil-borne 
diseases are patchy in occurrence, and highly dependent on environmental conditions (6). 
One field study has been done to determine the efficacy of metalaxyl at reducing losses to 
PRR in soybean cultivars differing in types of resistance (1). In-furrow applications of 
metalaxyl successfully reduced soybean plant losses due to infection by P. sojae in 
susceptible soybean cultivars and resulted in a corresponding increase in yield. However, 
no effect on plant stand of partially resistant cultivars was detected. Still, a greenhouse 
study demonstrated that a seed treatment fungicide could be beneficial on partially 
resistant cultivars when conditions at planting are favorable for P. sojae infection and 
disease development, since seedlings would be protected until partial resistance is 
expressed (6). Metalaxyl, and its isomer mefenoxam, are active as a seed treatment for 
approximately 14 to 21 days after planting.  
The value of single gene resistance as a disease management tool is currently 
being questioned, since endemic populations of the pathogen continue to diversify and 
Rps genes continue to fail. Thus more effective management strategies are required to 
reduce losses. An obvious strategy would be the use of partial resistance with the 
application of seed treatment fungicides to protect germinating seedlings until partial 
resistance was expressed. Thus, the objective of this study was to determine if seed 
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treatments in combination with partial resistance to P. sojae would be an effective disease 
management option in Iowa. This work was done in collaboration with members of the 
North Central Soybean Research Program (NCSRP) Phytophthora group.  
Materials and Methods 
Sites 
The study was conducted over two years (2005 and 2006) in commercial soybean 
fields with a history of severe PRR. One field 16.1 km south of Eddyville, Iowa (N41 
03.353 W92 39.435) was selected in 2005. In 2006, the study was done at two fields; one 
3.2 km south of Albert City, Iowa (N42 45.557 W94 57.481), and the second field 6.4 km 
north of Albion, Iowa (N42 09.969 W92 58.280).  
Field evaluations 
The experiment in each field was set up in a randomized complete block split plot 
design with genotypes as the main plot and fungicide seed treatment as the subplot in 
four replications. Each subplot experimental unit was 6.1m long and 3 m wide with 4 
rows. Spacing between the rows was 76 cm apart, and approximately 33 seeds planted 
per meter length of row. There were six treatments in the main plot:  two cultivars were 
universally susceptible to P. sojae, Sloan (2) and Williams (3), two reportedly had high 
partial resistance, Stine 2402 (Stine Seed Company, Adel, IA) and S27-T7 (Syngenta 
Global Company, Greensboro, NC), one cultivar contained the Rps 1k gene, 2834RR 
(Garst Seed Company, Slater, IA) and one cultivar contained both Rps 1k and Rps 6 
genes, Archer (5). In 2005, the susceptible cultivar Williams was not used and cultivar 
S31-V3 (Syngenta Global Company, Greensboro, NC) which is moderately tolerant, was 
planted. Subplot consisted of 3 seed treatments: a combination of Apron XL® 
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(mefenoxam, 11.25 g a.i /100 kg of seed) plus Apron® Maxx® RTA ® (mefenoxam, 
3.75 g a.i. and fludioxonil, 2.5 g a.i./100kg seed), ApronXL® (15.0 g a.i /100 kg of seed) 
only, and an untreated control.  
 Planting dates were 19 May, 2005 at the Eddyville field, and 26 May and 29 May, 
2006 at the Albion and Albert City fields, respectively. A pre-emergence herbicide 
(imazethapyr) was applied at all locations prior to planting. Post-emergence herbicides 
fomesafen (Flexstar ®), quizalofop-p-ethy (Assure II ®) and cloransulam-methyl (First 
Rate®) were applied at Eddyville (29 June, 2005) while hand weedings were done at 
Albert City and Albion. 
Assessments 
A 2 m section within the center two rows of each plot was randomly flagged. The 
following assessments were made on plots within the flagged area: initial stand counts, 
approximately three weeks after planting; final stand counts, immediately prior to 
harvest; and disease incidence assessed throughout the growing season seven to ten days 
after a heavy rain. Disease incidence was calculated as the percentage of plants showing 
PRR symptoms of the initial stand count. Yield data was determined at maturity by 
harvesting 4 m from each of the center two rows of each plot.  
Data Analysis  
Emergence stand count, final stand count, disease incidence and yield data were 
subjected to analysis of variance with the PROC MIXED procedure of SAS (SAS 
institute, Cary, NC). Each field was analyzed separately as a split plot design with 
cultivar and seed treatment as main and subplot, respectively. When significant 
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differences were detected between treatment means, orthogonal comparisons (P = 0.05) 
were made.  
Results 
Eddyville  
Analysis of variance indicated that fungicide seed treatments had a significant 
effect (P<0.05) on soybean emergence (Table 4.1, Appendix 4.1). The mefenoxam plus 
fludioxonil treatment significantly decreased seedling emergence (91.5 plants per 2m 
row) compared with the untreated control (99.7 plants per 2 m row) and the mefenoxam 
(98.1 plants per 2 m row) only treatment (Appendix 4.1). Interactions between seed 
treatment and cultivar were not significant (Table 4.1, Appendix 4.1). Symptoms of PRR 
were visible on 8 July (growth stage R2), and although disease incidence was very low, it 
was significantly greater (P<0.05) in the susceptible variety Sloan (2.7%) (Table 4.2) 
compared with the other cultivars (0.2-1%). A second disease assessment, done on 21 
August, also showed significantly higher disease incidence (P<0.01) in Sloan (5.2%) 
compared with the other cultivars (0.5 – 1.4%)  (Table 4.2). At both assessment dates, 
disease incidence on partially resistant and resistant cultivars was not different. Yields of 
cultivars with partial resistance, S31-V3, S27-t7 and Stine 2404, and 2834RR (contains 
the Rps1k) were significantly higher (P<0.05) than that of the susceptible cultivar, Sloan 
(Table 4.3). However, Sloan out yielded the highly resistant cultivar Archer, which 
contains the Rps1k and 6 genes. Fungicide seed treatment did not affect yield (Table 4.1, 
Appendix 4.1).  
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Table 4.1. Analysis of variance of plant stands, disease incidence and yield following fungicide treatment 
with mefenoxam at 15.0 g a.i. plus fludioxonil at 2.5 g a.i. per 100kg seed; mefenoxam at 15.0 g a.i. per 
100kg seed; and untreated seed for soybean cultivars varying in resistance to Phytophthora sojae planted 
in a commercial soybean field, with a history of Phytophthora root rot, near Eddyville, IA  
 Initial Stand Final Stand DI
a 1 DI 2 Yield 
Sourceb DF MSc  MS  MS     MS        MS  
R 3 141.49  1092.38*  6.16  14.67  207.02  
C 5 524.29  190.83  10.13*  40.2**  1833.63**  
RxC 15 1964.43  209.99  3.29  8.69  72.82**  
T 2 900.33*  321.88  0.167  1.29  44.23  
C x T 10 1606  225.78  3.82  5.29  13.6  
Error 36 4426.33  180.42  1.97  7.59  22.62  
 aDI = disease incidence (number of plants with PRR symptoms as a percentage of initial stand count); bR = 
replicate; C = cultivar; T = seed treatment;  cMS = mean squares 
 
Table  4.2. Mean Phytophthora root rot incidence (%) on six soybean cultivars of varying resistance to 
Phytophthora sojae planted in a commercial field with a history of Phytophthora root rot near Eddyville, 
IA. 
Soybean cultivara 
Disease 
assessment Sloan 
S31-V3/ 
Williams S27-t7 
Stine 
2404 2834RR Archer 
First 2.7 ab 0.5 b 0.4 b 1.0 b 0.5 b 0.2 b
Second 5.42 a 0.42 b 0.5 b 1.4 b 0.75 b 0.75 b
a Soybean cultivar:  Sloan and Williams – susceptible to P. sojae; S31-V3, S27-t7 and Stine 2404 – 
partially resistant to P. sojae;  2834RR – contains the Rps1k resistance gene to P. sojae; Archer – contains 
Rps1k and 6 resistance genes. 
 b Mean yields followed by the same letter within the row are not significantly different (P<0.05). 
 
Albert City 
 Plant emergence at Albert City was poor compared to the other two sites, even 
though no damping off was observed. Seed treatments did not significantly increase or 
decrease plant stand count in any of the six cultivars compared with the untreated 
69 
 
controls (Table 4.4, Appendix 4.1). Phytophthora root rot disease was observed and 
assessed on 10 and 28 August. Highly significant (P<0.01) differences were observed in 
disease incidence at both assessment dates (Table 4.5). At the first assessment date, PRR 
disease incidence was highest (P<0.05) in the susceptible cultivar Williams (11.8 %), 
followed by the partially resistant cultivar Stine 2404 (7.6 %). Disease incidence on the 
other susceptible cultivar, Sloan, was low (3.1 %) and not different (P<0.05) from the 
resistant and partially resistant cultivars (Table 4.4, Appendix 4.1). However, at the 
second disease assessment 18 days later, PRR incidence was significantly greater (P<0.5) 
on Sloan (33.7%) compared with the rest of the cultivars. Cultivar 2834RR with Rps1k 
had the lowest disease incidence (6.8 %) at the second assessment. Yield of the partially 
resistant cultivars, S27-t7 and Stine 2404 was not different from that of the resistant 
cultivar 2834RR (Table 4.3) despite significantly higher disease incidence (22.1 % and 
23.1 %, respectively, versus 6.8 %) at the second disease assessment. The yields of the 
susceptible cultivars, Sloan and Williams, and also that of Archer (Rps1k and 6) were 
significantly lower (P<0.01) than those of S27-t7, Stine 2404 and 2834RR (Table 4.3). 
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Table 4.3. Mean yield (bu/acre) for six cultivars of soybean with varying resistance to Phytophthora sojae 
planted in three commercial fields with a history of Phytophthora root rot. 
Soybean cultivara 
Field site Sloan 
S31-V3/ 
Williamsb S27-t7 
Stine 
2404 2834RR Archer 
Eddyville 58.6 bc 76.4 a 72.0 a 60.8 b 77.7 a 45.9 c 
Albert 
City 48.1 b 40.1 c 65.7 a 62.9 a 66.3 a 49.8 b 
Albion 43.0 d 40.0 d 57.1 b 61.6 a 60.3 a 49.5 e 
a Soybean cultivar:  Sloan and Williams – susceptible to P. sojae; S31-V3, S27-t7 and Stine 2404 – 
partially resistant to P. sojae;  2834RR – contains the Rps1k resistance gene to P. sojae; Archer – contains 
Rps1k and 6 resistance gene. 
b S31-V3 was planted at Eddyville in 2005; Williams was planted at Albert City and Albion in 2006 
c Mean yields followed by the same letter within the row are not significantly different (P<0.05). 
 
 
Table 4.4. Analysis of variance of plant stands, disease incidence and yield following fungicide treatment 
with mefenoxam at 15.0 g a.i. plus fludioxonil at 2.5 g a.i. per 100kg seed; mefenoxam at 15.0 g a.i. per 
100kg seed; and untreated seed for soybean cultivars varying in resistance to Phytophthora sojae planted in 
a commercial soybean field, with a history of Phytophthora root rot, near Albert City, IA  
 Initial Stand 
Final 
Stand DI
a 1 DI 2 Yield 
Sourceb DF MSc  MS MS  MS  MS 
R 3 391.9  443.22 124.61*  92.57  8.07 
C 5 485.86  532.12 154.39**  902.65**  1443.31**
RxC 15 351.06**  287.74** 33.43  45.8  21.28 
T 2 101.79  16.01 0.72  3.18  10.73 
C x T 10 62.73  101.66 23.07  42.4  31.63 
Error 36 97.75  54.63 24.03  53.64  26.39 
 aDI = disease incidence (number of plants with PRR symptoms as a percentage of initial stand count); bR = 
replicate; C = cultivar; T = seed treatment;  cMS = mean squares 
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Table  4.5. Mean Phytophthora root rot incidence (%) on six soybean cultivars of varying resisitance to 
Phytophthora sojae planted in a commercial field with a history of Phytophthora root rot near Albert City, 
IA. 
Soybean cultivara 
Disease 
assessment Sloan 
S31-V3/ 
Williams S27-t7 
Stine 
2404 2834RR Archer 
First 3.1 cb 11.8 a 7.6 ab 1.7 c 5.8 bc 5.3 bc 
Second 33.7 a 18.1 b 22.1 b 23.2 b 6.8 c 19.8 b 
a Soybean cultivar:  Sloan and Williams – susceptible to P. sojae; S31-V3, S27-t7 and Stine 2404 – 
partially resistant to P. sojae;  2834RR – contains the Rps1k resistance gene to P. sojae; Archer – contains 
Rps1k and 6 resistance genes. 
b Means followed by the same letter within the row are not significantly different (P<0.05). 
 
Albion 
Highly significant differences (P<0.01) between cultivars in initial and final stand 
counts were observed at Albion (Table 4.6, Appendix 4.1). At both assessment dates, 
poor stand counts were recorded for the cultivar Archer while stand counts of the partial 
resistant cultivars and Sloan were significantly greater (P<0.05) than Archer, Williams 
and 2838RR. 
Seed treatments did not affect plant stand (P<0.05) for any of the six cultivars 
compared with the untreated controls, and no significant seed treatment by cultivar 
interaction occurred (Table 4.6, Appendix 4.1). Disease incidence was not significant for 
any of the cultivars (Table 4.6, Appendix 4.1). Phytophthora root rot only was recorded 
in three plots on the far west of the field late in the growing season on 28 July. A second 
disease assessment was done on 21 August but no additional plants with PRR symptoms 
were evident. Average yield across the sites was highest in partial resistant cultivars and 
lowest in susceptible cultivars (Table 4.7).  
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Table 4.6. Analysis of variance of plant stands, disease incidence and yield following fungicide treatment 
with mefenoxam at 15.0 g a.i. plus fludioxonil at 2.5 g a.i. per 100kg seed; mefenoxam at 15.0 g a.i. per 
100kg seed; and untreated seed for soybean cultivars varying in resistance to Phytophthora sojae planted in 
a commercial soybean field, with a history of Phytophthora root rot, near Albion, IA  
 Initial 
Stand 
Final 
Stand 
DIa 1 DI 2 Yield 
Sourceb DF MSc  MS  MS  MS  MS  
R 3 148.38  38.05  0.89  1.13  36* * 
C 5 2623.59**  2526.81**  0.36  0.53  1050.77**  
RxC 15 124.96  174.71  0.36  0.53  8.43  
T 2 175.17  231.35  0.39  0.38  1.85  
C x T 10 177.83  202.08  0.26  0.68  6.09  
Error 36 123.85  195.44  0.28  0.63  14.23  
 aDI = disease incidence (number of plants with PRR symptoms as a percentage of initial stand count); bR = 
replicate; C = cultivar; T = seed treatment;  cMS = mean squares 
 
 
 
 
 
 
Table 4.7. Mean stand counts of six soybean cultivars with varying resistance to Phytophthora sojae 
planted in a commercial field with a history of Phytophthora root rot near Albion, IA 
Cultivara 
Stand 
count Sloan Williams S27-t7 
Stine 
2404 2834RR Archer 
Initial 116.0 ab 98.8 b 113.2 a 114.8 a 105.8 b 77.2 c 
Final 115.8 a 94.2 b 112.9 a 110.3 a 91.6 b 79.3 c 
a Soybean cultivar:  Sloan and Williams – susceptible to P. sojae; S31-V3, S27-t7 and Stine 2404 – 
partially resistant to P. sojae;  2834RR – contains the Rps1k resistance gene to P. sojae; Archer – contains 
Rps1k and 6 resistance genes. 
b Means followed by the same letter within the row are not significantly different (P<0.05). 
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Discussion  
 Despite selecting field sites with a history of severe yield loss due to PRR, disease 
pressure was very low during the time of the study. In both years and at all locations, 
conditions at and soon after planting were dry, and no damping off due to P. sojae was 
observed. Although PRR occurred in mid to late season in all fields, disease incidence 
was low, except at Albert City where it was moderate. Thus, no clear conclusions can be 
drawn about effectiveness of seed treatments in combination with partial resistance as a 
Phytophthora disease management tool for soybean producers in Iowa. 
The poor plant emergence that occurred at the Albert City field could have been 
due to other pathogens such as Fusarium or Rhizoctonia. Indeed in 2006, Rhizoctonia 
root rot was highly prevalent in Iowa due to the warm, dry start of the growing season  
(Robertson and Nutter, unpublished). Although mefenoxam is not active against 
Fusarium and Rhizoctonia, fludioxonil is highly effective against Fusarium, and has 
some activity against Rhizoctonia. Although we did not attempt isolation from the seed or 
germinated seedlings because the seedling was too rotted at the time of the initial stand 
count date (22 June), it is possible that damping off due to Rhizoctonia could have 
occurred. Other likely reasons for poor emergence include planter problems, or insect 
damage. 
The Eddyville field was chosen for this study because of severe Phytophthora 
damping-off had occurred there in the previous growing season. Similarly, the sites at 
Albert City and Albion had severe damping off in 2005. Although no damping off due to 
P. sojae occurred at any site, Phytophthora root rot symptoms were recorded at all 
locations in mid-to-late season. Disease incidence ranged from very low at the Albion 
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field, to low at the Eddyville field to moderate in the field near Albert City. This low 
disease pressure was probably because environmental conditions were not conducive to 
PRR disease development in either year that the study was conducted. In 2005, at 
Eddyville in southeastern Iowa, extreme drought conditions occurred throughout the 
soybean growing season (Fig.4.1). Similarly, drought conditions and below normal 
precipitation also occurred at Albert City and Albion in western Iowa up until August 
2006.  
 Seed treatments generally had no effect on stand counts, disease incidence or 
yield. However, the dry conditions across southeastern Iowa in 2005, and most of the 
state in 2006 likely reduced any positive influence that seed treatment might have had. In 
their study, Anderson and Buzzell (1) found that fungicide seed treatment reduced plant  
Figure 4.1. Maps showing the monthly percent of normal precipitation in Iowa during the 2005 and 2006 
growing season (www. cpc.noaa.gov) 
 
loss at emergence and resulted in increased yield for susceptible cultivars, but they had 
no positive effect on emergence of high-yielding cultivars with partial resistance. 
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Unfortunately, we are not able to support or dispute their work because of the low disease 
pressure at our sites. We did find that yields from cultivars with partial resistance to P. 
sojae were comparable to those of the resistant cultivar 2834RR which contains Rps1k. 
Archer, which contains Rps1k and 6, did not yield well at any location but this is 
probably agronomically related.  
 Recently, soybean production practices have changed in Iowa. To enhance yields, 
growers are encouraged to start planting soybeans in the last week of April. Traditionally, 
soybeans were not planted until mid-May. This change in production practice will have a 
dramatic effect on the incidence of damping off due to P. sojae. The typically cooler soil 
temperatures (~12.78° C) that prevail in late April in Iowa are not favorable for P. sojae 
germination and infection. Thus, by utilizing earlier planting dates, growers will 
effectively avoid conditions favorable for early season PRR. While seed treatments may 
be beneficial for Phytophthora management in other states, such as Ohio, which has 
warmer, wetter springs that Iowa, their use in Iowa for early season Phytophthora 
management is not likely to be recommended. However, since P. sojae can infect plants 
at all growth stages, PRR will still be a concern for local growers from mid-season 
onwards, especially when environmental conditions are conducive to disease 
development. 
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Appendix 4.1. ANOVA tables from analysis of initial stand counts, disease incidence, 
final stand counts and yield data, as well as LSMeans from Eddyville, Albert City and 
Albion field trials.  
Eddyville ANOVA  
Initial Stand Counts  
Source DF MS  
Block 3 141.49  
Cult 5 524.29  
Block*Cult 15 1964.43  
Trt 2 900.33*  
Cult*Trt 10 1606  
Error 36 4426.33  
Total 71   
Disease Incidence 1  
Source DF MS  
Block 3 6.16  
Cult 5 10.13*  
Block*Cult 15 3.29  
Trt 2 0.167  
Cult*Trt 10 3.82  
Error 36 1.97  
Total 71   
Disease Incidence 2  
Source DF MS  
Block 3 14.67  
Cult 5 40.2**  
Block*Cult 15 8.69  
Trt 2 1.29  
Cult*Trt 10 5.29  
Error 36 7.59  
Total 71   
Final Stand Counts  
Source DF MS  
Block 3 1092.38*  
Cult 5 190.83  
Block*Cult 15 209.99  
Trt 2 321.88  
Cult*Trt 10 225.78  
Error 36 180.42  
Total 71   
Yield  
Source DF MS  
Block 3 207.02  
Cult 5 1833.63**  
Block*Cult 15 72.82**  
Trt 2 44.23  
Cult*Trt 10 13.6  
Error 36 22.62  
Total 71   
* indicates a significant P< 0.05, ** indicates a significant P<0.01. 
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Eddyville LSMeans 
 
Initial         
  Sloan S31-V3 S27-t7 2547RR 2834RR Archer Average
 Control 100 104.75 103.5 99.5 98.5 92 99.7083 
 XL 103.25 93.5 92 96.5 100 103.5 98.125 
 Maxx+XL 95 83.75 89.5 80.5 96 102.5 91.2083 
 Average 99.4167 94 95 92.1667 98.1667 99.3333  
         
DI-1  Sloan S31-V3 S27-t7 2547RR 2834RR Archer Average
 Control 1.5 0.5 0.25 3** 0.25 0.25 0.95833 
 XL 3** 1 1 0 0.25 0 0.875 
 Maxx+XL 3.5** 0 0 0 1 0.25 0.79167 
 Average 2.66667 0.5 0.41667 1 0.5 0.1667  
         
DI-2  Sloan S31-V3 S27-t7 2547RR 2834RR Archer Average
 Control 5.25 0 0.25 3.5** 0.25 0 1.54167 
 XL 4.75 1.25 1.25 0 0.25 0 1.25 
 Maxx+XL 5.5 0 0 0.75 1.75 2.25 1.70833 
 Average 5.1667 0.4167 0.5 1.41667 0.75 0.75  
         
Final  Sloan S31-V3 S27-t7 2547RR 2834RR Archer Average
 Control 72.75 92.75 80 76.25 71 64.75 76.25 
 XL 68.75 72.75 77 84.75 80.25 81.5 77.5 
 Maxx+XL 64.75 74.5 72 64.25 79.25 69 70.625 
 Average 68.75 80 76.3333 75.083 76.8333 71.75  
         
Yield  Sloan S31-V3 S27-t7 2547RR 2834RR Archer Average
 Control 59.82 75.6 73.65 61.7 77.81 47.22 65.967 
 XL 58.07 75.86 72.81 63.66 78.05 48.03 66.08 
 Maxx+XL 57.85 77.83 69.59 56.98 77.26 42.51 63.67 
 Average 58.58 76.43 72.0167 60.78 77.7067 45.92  
 
* indicates a significant P< 0.05, ** indicates a significant P<0.01.
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Albert City ANOVA 
Initial Stand Count  
Source DF MS  
Block 3 391.9  
Cult 5 485.86  
Block*Cult 15 351.06**  
Trt 2 101.79  
Cult*Trt 10 62.73  
Error 36 97.75  
Total 71   
Disease Incidence 1  
Source DF MS  
Block 3 124.61*  
Cult 5 154.39**  
Block*Cult 15 33.43  
Trt 2 0.72  
Cult*Trt 10 23.07  
Error 36 24.03  
Total 71   
Disease Incidence 2  
Source DF MS  
Block 3 92.57  
Cult 5 902.65**  
Block*Cult 15 45.8  
Trt 2 3.18  
Cult*Trt 10 42.4  
Error 36 53.64  
Total 71   
Final Stand Count  
Source DF MS  
Block 3 443.22  
Cult 5 532.12  
Block*Cult 15 287.74**  
Trt 2 16.01  
Cult*Trt 10 101.66  
Error 36 54.63  
Total 71   
Yield  
Source DF MS  
Block 3 8.07  
Cult 5 1443.31**  
Block*Cult 15 21.28  
Trt 2 10.73  
Cult*Trt 10 31.63  
Error 36 26.39  
Total 71   
* indicates a significant P< 0.05, ** indicates a significant P<0.01. 
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Albert City LSMeans 
 
Initial  Sloan Williams S27-t7 
Stine 
2404 2834RR Archer Average
 Control 47.5 58.25 48.5 37.25 62 61 52.4167
 XL  48.75 55.75 49.5 35.75 50.5 50 48.375
 Maxx+XL 47 54 52.5 45.5 53.5 54 51.0833
 Average 47.75 56 50.1667 39.5 55.3333 55  
         
DI-1  Sloan Williams S27-t7 
Stine 
2404 2834RR Archer Average
 Control 1.5 13.25 11.5 0.5 5.75 3 5.91667
 XL  4 12.5 6.25 2 5.5 3.75 5.66667
 Maxx+XL 3.75 9.75 5 2.5 6 9 6
 Average 3.0833 11.833 7.58333 1.66667 5.75 5.25  
         
DI-2  Sloan Williams S27-t7 
Stine 
2404 2834RR Archer Average
 Control 37.25 16 23.5 20.75 4.25 20 20.2917
 XL  33 18.5 17.5 27.5 10 19.5 21
 Maxx+XL 30.75 19.75 25.25 21.25 6.25 19.75 20.5
 Average 33.667 18.0833 22.0833 23.1667 6.83333 19.75  
         
Final  Sloan Williams S27-t7 
Stine 
2404 2834RR Archer Average
 Control 43 47.5 40.75 32.25 57.25 53.5 45.7083
 XL  46.75 51.25 35.25 33.75 45 58.25 45.0417
 Maxx+XL 43.25 40.75 44.25 39.75 46.75 49.75 44.0833
 Average 44.3333 46.5 40.0833 35.25 49.6667 53.833  
         
Yield  Sloan Williams S27-t7 
Stine 
2404 2834RR Archer Average
 Control 44.46 42.1 66.02 62.95 66.92 51.77 55.7033
  XL  49.16 43.38 64.95 61.61 68.31 48.54 55.9917
 Maxx+XL 50.54 34.81 66.27 64.03 63.67 48.98 54.7167
 Average 48.0533 40.0967 65.7467 62.8633 66.3 49.7633  
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Albion ANOVA 
Initial Stand Count  
Source DF MS  
Block 3 148.38  
Cult 5 2623.59**  
Block*Cult 15 124.96  
Trt 2 175.17  
Cult*Trt 10 177.83  
Error 36 123.85  
Total 71   
Disease Incidence 1  
Source DF MS  
Block 3 0.89  
Cult 5 0.36  
Block*Cult 15 0.36  
Trt 2 0.39  
Cult*Trt 10 0.26  
Error 36 0.28  
Total 71   
Disease Incidence 2  
Source DF MS  
Block 3 1.13  
Cult 5 0.53  
Block*Cult 15 0.53  
Trt 2 0.38  
Cult*Trt 10 0.68  
Error 36 0.63  
Total 71   
Final Stand Count  
Source DF MS  
Block 3 38.05  
Cult 5 2526.81**  
Block*Cult 15 174.71  
Trt 2 231.35  
Cult*Trt 10 202.08  
Error 36 195.44  
Total 71   
Yield  
Source DF MS  
Block 3 36*  
Cult 5 1050.77**  
Block*Cult 15 8.43  
Trt 2 1.85  
Cult*Trt 10 6.09  
Error 36 14.23  
Total 71   
* indicates a significant P< 0.05, ** indicates a significant P<0.01. 
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LSMeans for Albion 
Initial  Sloan Williams S27-t7 
Stine 
2404 2834RR Archer Average
 Control 110 98.5 118.25 114.25 106 81.75 104.792
 XL  124.5 89 105.25 114.75 106.5 68.25 101.375
 Maxx+XL 113.5 109 116 115.25 105 81.5 106.708
 Average 116 98.8333 113.167 114.75 105.833 77.1667  
         
DI-1  Sloan Williams S27-t7 
Stine 
2404 2834RR Archer Average
 Control 0 1* 0 0.5 0 0 0.25
 XL  0 0 0 0.5 0 0 0.08333
 Maxx+XL 0 0 0 0 0 0 0
 Average 0 0.33333 0 0.3333 0 0  
         
DI-2  Sloan Williams S27-t7 
Stine 
2404 2834RR Archer Average
 Control 0 0.75 0 0 0 0 0.125
 XL  0 0 0 1.5* 0 0 0.25
 Maxx+XL 0 0 0 0 0 0 0
 Average 0 0.25 0 0.5 0 0  
         
Final  Sloan Williams S27-t7 
Stine 
2404 2834RR Archer Average
 Control 112.25 94 114.5 114.75 94.5 92.75 103.792
 XL  120.5 91.75 104.25 101 93.25 74.75 97.5833
 Maxx+XL 114.5 96.75 120 115 87 70.25 100.583
 Average 115.75 94.1667 112.92 110.25 91.5833 79.25  
         
Yield  Sloan Williams S27-t7 
Stine 
2404 2834RR Archer Average
 Control 40.65 40.83 57.87 61.25 59.02 49.12 51.4567
 XL  44.02 40.13 56.27 61.28 59.72 49.55 51.8283
 Maxx+XL 44.22 39.12 57.1 62.39 62.24 49.94 52.5017
 Average 42.9633 40.0267 57.08 61.64 60.3267 49.5367  
* indicates a significant P< 0.05, ** indicates a significant P<0.01. 
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